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National Instruments GPIB 


AT-GPIB/TNT 


ince 1976, National Instruments has set the standard 
for GPIB hardware and software for general-purpose 


computers. We also adhere to a continuous improve- brought you the 8 Mbytes/s HS488 protocol. | ~ 
ment and compatibility strategy for GPIB that is unmatched This year, with the INT4882C”™ single-chip interface, we 
in the industry. Each new generation of our products were the first to deliver low-power products like the 
delivers compatibility with increased functionality, » PCMCIA-GPIB. 


reliability, and performance for the same low price. | Be 


Worldwide Technical Support 

Cross-Platform Compatibility With our worldwide technical support team, we 

For the past 10 years, our industry-standard ” are committed to making you successful in your 

NI-488.2™ software, included with every GPIB inter- application, no matter when you bought our product. 

face we sell, has guaranteed that you never have to rewrite 

your instrument control applications for new computer plat- Free Brochure 

forms or operating systems. To learn more about our latest GPIB products, give us a call 
and we'll send you our new GPIB brochure. 


Maximum Performance 

In 1987, we delivered the first inter- 
faces that surpassed the 1 Mbytes/s 
barrier. In 1990, with the NAT4882° 
chip, we brought the industry to 

IEEE 488.2 compatibility. In 1993, we 


e? NATIONAL GPIB brochure, 
5 INSTRUMENTS: = <2! 80 233-3488 
U.S. and C da) 
The Software ts the Instrument® ae 
6504 Bridge Point Parkway ¢ Austin, TX 78730-5039 e Tel: (S12) 794-0100 95 (800) 010 0793 (Mexico) * Fax: (512) 794-8411 


Branch Offices: Australia 03 879 9422 ¢ Austria 0662 435986 ¢ Belgium 02 757 00 20 * Canada 519 622 9310 * Denmark 45 76 26 00 ¢ Finland 90 527 2321 ¢ France 1 48 14 24 24 e Germany 089 741 31 30 
Italy 02 48301892 ¢ Japan 03 3788 1921 ¢ Netherlands 03480 33466 * Norway 32 848400 ¢ Spain 91 640 0085 * Sweden 08 730 49 70 * Switzerland 056 20 51 51 * U.K. 0635 523545 


© Copyright 1994 National Instruments Corporation. All rights reserved. Product and company names listed are trademarks or trade names of their respective companies. 
See us at Wescon, booth 1631 
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THE HARRIS HIPS600: 


WORLDS MOST 
INTERNATIONAL HIGH VOLTAGE 
LINEAR REGULATOR. 


With the industry's widest available 
AC and DC input voltage ranges, 
this single-chip regulator tames 
line currents from Azerbaijan to 
Zimbabwe — without a transformer. 
And the HIP5600 packs a lot of 
features for such a light traveler: a 
big 650V maximum input voltage 
plus built-in overcurrent protec- 
tion and thermal shutdown. All in a 
T0-220 package that easily heat 
sinks for even more output range. 
Use it — or our HV2405E, or one of 
our other high-performance regu- 
lators — to replace discretes and 


Features 


¢ Direct off-line AC or DC operation 
¢ 650V maximum input voltage 

© 80V- 280V AC input 

50V - 400V DC input 


1.2V to 320V (Vpeak) output 
voltage range 

¢ 1(mA continuous output current 
without heat sink 


¢ 35mA continuous output current 
with heat sink 

¢ 25(mA continuous output current 
in “buck” configuration 

¢ Evaluation boards available 


N. America ia 
120V, 100/240V, 


E.E.C. 
240V, 


bul f inal kinds of 60Hz = 50/60Hz = S0Hz ¢ 3-lead TO-220 package 

ulky transformers in all kinds 0 pat on : | | 
solated off-li licat Ne iavsien cotter whee aap ¢ 8-lead SOIC available later this year 
non-isolated off-line applications. << » just $1 34thousand (OEM 


And let it take your next design 


, ¢ Underwriters Laboratory recognized 
wherever you want it to go. 


ieceeaailll The HIP5600. It’s welcome 
anywhere in the world. 


ANSWER | Try our AnswerFAX service! 


Call 407-724-3818 and request document #7004. (wr) 
FAX ™ HARRIS 


Or call 1-800-4-HARRIS, ext. 7244. SEMICONDUCTOR 
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SWITCHES 


$ 
DC-2GHz Immediate Delivery trom 2 oy 


Finally! A line of SPDT absorptive, reflective and transfer switches that 
appeals to your technical side, and business side as well! It's 
Mini-Circuits GaAs switches...providing outstanding performance 
features such as very high isolation (up to 6OdB), superfast 3nsec 
switching speed and excellent compatibility with surface mount 
soldering techniques. Additionally, the entire series is built 
extremely tough and is immediately available from stock with a 
1 week shipment guarantee. At only $2.95 (qty. 10), this 
top-of-the-line value is priced with your bottom line in mina! 
To order, call or Fax Mini-Circuits with your requirements today. 
Mini-Circuits...we’re redefining what VALUE is all about! 


Insertion 1dB In-Out Price 

Freq. Loss® Comp.@ _— l|so.® a. 
Model No. (GHz) dB(max.) dBm (typ.) dB (typ.) (qty.10) 
MSW-2-20 DC-2.0 1.0 +24 34 2.95 
(Reflective) 
MSWA-2-20 DC-2.0 1.3 +27 40 3:45 
(Absorptive) 
MSWT-4-20 DC-2.0 1.81X@ +28 1X® 30 3.95 
(Transfer) 2.0RX@ +27 RX® 


@ Midband, 500-1000MHz @ Transmit @ Receive 
All Units: SOIC 8pin Package 
ww Actual Size © 


L—o 


\—o 


SPDT REFLECTIVE 


SPDT ABSORPTIVE 


Antenna 


a 


Antenna 
TRANSFER 


P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 


For detailed specs on all Mini-Circuits products refer to * THOMAS REGISTER °¢ MICROWAVE PRODUCT DATA DIRECTORY « EEM ¢ MINI-CIRCUITS’ 740- pg. HANDBOOK. 


CUSTOM PRODUCT NEEDS...Let Our Experience Work For You. 
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More Pease, Please! 


Because so many of you have asked for 
Pease, we’ve put all 12 parts of the 
Troubleshooting Analog Circuits series 
published in EDN into one handy refer- 
ence source. 


Part 1 @ Troubleshooting is more effective with the right philosophy 

Part 2 @ The right equipment is essential for effective troubleshooting 

Part 3 @ Troubleshooting gets down to the component level 

Part 4 @ A knowledge of capacitor subtleties helps solve capacitor- 
based troubles 

Part 5 @ Follow simple rules to prevent material and assembly problems 

Part 6 @ Active-component problems yield to painstaking probing 

Part 7 @ Rely on semiconductor basics to identify transistor problems 

Part 8 @ Keep a broad outlook when troubleshooting op-amp circuits 

Part 9 @ Troubleshooting techniques quash spurious oscillations 

Part 10 @ The analog/digital boundary needn’t be a never-never land 

Part 11 @ Preside over power power components with design expertise 

Part 12 @ Troubleshooting wrap-up 


This 101-page collection of articles was 
developed by Bob Pease, senior scientist 
in industrial linear-IC design at Nation- 
al Semiconductor Corp and world- 
renowned analog-circuit designer. 


Don’t miss this exclusive reprint. Learn 
about troubleshooting analog circuits as 
only Bob Pease can tell it. This reprint 
is yours for only $26.70 (USA) or 
$29.95 (non-USA).* 


PLEASE PRINT CLEARLY ____Paymentenclosed _ Visa ~____ Mastercard 

Credit Card Number, DIDTMALUTS 2  t.... EXD Calc 

IN GUNG oo ee I COI ay 

PSS een rte I ee, ZIP 


-Mail coupon to: Cahners Reprint Services, E Touhy Ave, Des Plaines, IL 60018 USA; or call (708) 390-2777 or (800) 523-9654; or 
fax your order to (708) 390-2779. 
*USA CURRENCY ONLY 


Why High-quality, Premium-value Connectors? 


To meet the increasing demands of these industries... 


For Broadcast...75Q video cable, connectors and patching providing for signals up to 360Mbits (720 MHz). 
For Telecom...Reliable coax connectors and cross-connect modules for digital and DS3/DS4 transmissions. 
For Mil/Aero...Twinax/triax connectors and patching for satellite transmission and 1553B applications. 


Trompeter connectors are designed to provide superior ver oman and fecture robust manufacturing 
designs which insure long life and dependability. 


Complete families of interconnect products for 


Coax/Twinax/Triax applications 
¢ Coax Connectors: BNC/TNCIN 


Coax Patching: Serial digital patch jacks 
75Q Western Electric Standard 
Twinax Connectors: TRB/TRT Miniature 
TRS/TTM Subminiature 
Twinax Patching: Self-normaling dual patch jacks 
Cable and Cable Assemblies: Coax/Twinax/Triax 


Quality Hosa t cost... T R O M Pp ET E R 


® ELECTRONICS, INC. 


31186 La Baya Drive ¢ Westlake Village CA 91362 Ph. (818) 707¢2020 Fax: (818) 7061040 
France: ISC, Ph. (1) 47°08¢35¢30 Fax: (1) 47932099025 

Germany: ACAL Auriema Gombh.-Technitron, Ph. 049°89¢67 80¢95¢0) Fax: 04989637 6 566 
Italy: BRELCO $.r.1. Ph 39¢39/249 4280 Fax 39¢39/490 280 

Spain: SCP S.A., Ph. 355°60°05/06 Fax: 356¢95¢25 

Switzerland: Z&B Video A.G., Ph. 01/840¢45¢88 Fax: (41) 1840¢4575 

U.K.: Greenwood Electronics Components Lmtd., Ph. 07349333788 Fax: (44) 7343330878 


Contact your local representative or in the U.S. call us toll free - (800) 982-2629 for sales, service or technical support. 


See us at Wescon in booth 2484-86 Please call me, Circle #69 Please send literature Circle #70 


On the cover: Synchronous memories 
have burst on the scene to meet several 
demands: the increase in CPU clock 
speed and the integration of the prima- 
ry cache memory into the processor die. 
See our Special Report, beginning on 
pg 56. (Photo courtesy NEC Electron- 


ics Inc) 
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Synchronous memories 56 


As system clock speeds push past 50 MHz, designers are discover- 
ing that asynchronous memory becomes unmanageable. As a result, 
they are looking to synchronous memories to handle increasing sys- 
tem speeds. What they are finding are new design challenges. 
—Richard A Quinnell, Technical Editor 


° DESIGN FEATURES 
Noise-figure curves ease the Don Fans 


selection of low-noise op amps 81 


Evaluating plots of noise figure vs source resistance makes it 
easy to select a low-noise amplifier for a given source resistance. A 
BASIC program calculates the numbers from data-sheet parameters. 
—John W Christensen, National Semiconductor Corp 


Canny choices condense 
CPLD and FPGA design cycles 91 


The proliferation of CPLDs and FPGAs has resulted in flexible 
devices that reduce design time and contribute to a design’s smaller 
size, higher reliability, lower cost, and lower power consumption. How- 
ever, you must choose from among many devices, each having its own 
diverse architecture.—Sung C Hu, San Francisco State University 


Embedded RISC Ps present 
new debugging challenges 105 


Embedded systems based on RISC wPs offer many advantages but 
present unique debugging challenges. Although a logic analyzer isn’t 
the only tool you need to meet these challenges, it is an important 
one, and you should consider making it the cornerstone of your 
debugging strategy.—Roger Crooks, Tektronix Inc 


New philosophy aids shift from 
schematic-based to HDL-based design 119 


Using HDL-based techniques for developing hardware is similar 
to using high-level languages to develop software: An object-ori- 
ented design philosophy is directly applicable.—Charles F Shelor, 


Shelor Engineering Continued on page 7 


EDN® (ISSN 0012-7515, GST Reg. #123397457, IPM #0280844) is published 38 times an year, bi-weekly with one addi- 
tional issue Ay month, 4 Cahners Shera: Company, A Division oF Reed Publishing USA, 275 Washington Street, New- 
ton, MA 02158-1630. Robert L Krakoff, Chairman and Chief Executive Officer; Timothy C O'Brien, Executive Vice Presi- 
dent/Finance and Administration; Michael Wisner, Senior Vice President/General Manager, Boston Division; Michael 
Wisner, Vice President/Publishing Director. Circulation records are maintained at Cahners Publishing Company, 8773 
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The components that control the switch control it all. 


The performance of sophisticated electronic equipment may ultimately be judged by something as small, and 
seemingly insignificant, as the membrane switch that controls it. So the quality of your switch components 
is critical. : 

3M membrane switch laminating adhesives and spacers give you the long-lasting, high performance you 


need to assemble a reliable switch. A switch that can stand up to millions of actuations in a wide variety of 
stressful environments. 


If you’re not using 3M components, it’s time to make a switch. For our free brochure write: 3M Identification 
and Converter Systems Division, 3M Center Bldg. 220-7W-03, St. Paul, MN 55144-1000. Or call: 800-223-7427; 
3M Canada Inc., PO Box 5757, London, Ontario N6A 4T1, 519/452 6025; 3M Puerto Rico, Puerto Rico 
Industrial Park, PO Box 100, Carolina, PR 00986-0100, 809/750 3000. 


© 1993 3M 


Innovation working for you" 
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Software localization: 


Software vendors sweep 
aside language barriers 27 


US software vendors face a dilemma: whether to thrust English- 
language products on foreign users or to “localize” products and 
offer their users native-language help, aide, ajuda, hjaelp, hilfe, 
napovéda, ohje, pomoc, sigé, dowa juseyeo.—Brian Kerridge, 
Senior Technical Editor 


Desktop DOS goes undercover 


to run embedded systems 43 


Embedding a PC often involves embedding the most popular desk- 
top operating system.—David Shear, Technical Editor 
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SIEMENS 


Bringing You 
the Big Picture 


We may not be center stage in all 
areas of consumer electronics, but 
we set the scene for technical 
advances in TV, video, satellite and 
in-car entertainment. 


As well as digitalization based on 
our world leading DRAM expertise, 
we offer fully integrated solutions — 
7 based on ASICs and custom 
ICs-solutions that will put 
you in the limelight. 


Take picture-in-picture, or 

_ PIP as it’s better known. We 
- put filter and computer func- 
tions as well as memory and 
—~ D/A convertors on a single 

~ slice of silicon. Another star 
performer is our MEGATEXT® 
chip, which has set a new 
world standard for teletext 
with its 700,000 transistors. 
And our digital signal pro- 
cessing for 100 Hz TV is recognized 
as the ideal solution throughout the 
industry. 


Expect highlights in support, too. 
From software to prototype design, 
Our vast expertise is on hand for 
fast and reliable assistance. 


More information by fax 
49-911-3 00 12 38, quoting HL 9118 


Global PartnerChip 
for Systems on Silicon. 
Siemens 
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Now you can offer the perfect card 
for any occasion. 


For you do-it-yourselfers, we have it all: 
board- and card-half PCMCIA connectors 
(all sizes), card eject mechanisms, frame kits, 
and a wide range of I/O headers and 

cable assemblies. 


PC Cards are hot! And your 
customers want just one thing 
from you: choices, 
choices, and more 
choices. 

Now you can offer 
them just what they're after- 
fully-PCMCIA/ JEIDA-compliant 
PC Cards from AMP, with your 
label. You provide the specs or 
design criteria; we provide the big 
selection they want, at a price 
that’s right for you, and for them. 

We supply off-the-rack SRAM, 
Flash, and OTP/Mask ROM mem- 
ory, LOBASE-T and 10BASE2 
LAN adapters, 14,400 and 2400/ 
9600 fax/modems, SCSI adapters, 
and audio cards—with the specific 
options and features you need- 
and follow up with timely, compre- 
hensive custom design services for 
special requirements. We'll add 
even more value with cable 
assemblies, product labelling, 


Scandinavia: Sweden 46-8-580-833-00 (fax 46-8-580-194-70) 

Central Europe: Holland 31-73-20-0911 (fax 31-73-21-2365); Germany 49-6103-7090 
(fax 49-6103-709223): Great Britain 44-81-954-2356 (fax 44-81-954-6234) 

Southern Europe: France 33-1-34-20-8888 (fax 33-1-34-20-8600); Italy 39-11-401-21111 
(fax 39-11-403-1116); Spain 34-3-200-8466 (fax 34-3-201-7879) 


CIRCLE NO. 137 


documentation, 
and packaging —all to your 
specifications. 

And, backed by the resources 
of AMP, you can count on the 
quality and quantity you need, 
now and in the future. Our 
strength in design, mass produc- 
tion, and global distribution are 
behind you, wherever in the 
world you happen to be. Don’t 
wait for a special occasion; talk 
with your AMP Sales Engineer 
today, or give us a call at the 
number below. 


AMP isa trademark. 
PC CArd is a trademark of PCMCIA. 


“You need only a resistor to convert a voltage to a current, but to convert 
accurately, the resistor voltage must ignore the load voltage.”’ 


<_A Designer’s Guide to Precision DC Current Sources 


“A variety of tricks and techniques enhance the basic 
linearity, sensitivity, and stability of Wheatstone bridges.” 


A Designer’s Guide to Bridge Circuits > 


ESIGNER’S GUIDE TO A DESIGNER’S GUIDE TO 
PRECISION DC CURRENT SOURCES’ BRIDGE CIRCUITS 
BY JERALD GRAEME BY JIM WILLIAMS 
This 3-part designer’s guide shows you the fine art of Bridge circuits are among the most elemental and powerful 
designing, analyzing, and trimming accurate, stable dc current tools a designer has. They are used in measurement, switching, 
sources. This original, 18-page collection by Jerry Graeme—a oscillator, and transducer applications. If you’re interested in 


prolific author on the subject of analog design—offers a wealth learning about bridge circuits from Jim Williams—a specialist 
of information on how current sources work and how to analyze _in analog-circuit and instrumentation design—now’s your 


basic current-source circuits. chance. Order you own copy of EDN’s Designer’s Guide to 
Jerry Graeme discusses and analyzes several circuits that use Bridge Circuits. This guide will help you choose and design the 

pairs of op amps. One of these circuits produces positive and circuit that’s most appropriate for your application. In the first 
negative current, which you can adjust through zero current. part of this guide, you’ll learn about dc and pulsed methods for 
The Designer’s Guide also shows you how to control current bridge-circuit signal conditioning. In the second part, Jim 
sources digitally. You’ll find out that a current-output digital- describes ac-driven bridges, which you’|l find in specialized 

‘ to-analog converter may not be the best choice for a current applications. Also included in this section are guides to 
source. distortion measurements and bridge interfaces. 


CALL TOLL-FREE 800/523-9654 OR MAIL COUPON TO: CAHNERS REPRINT SERVICES, 
1350 E. TOUHY AVE., DES PLAINES, IL 60018. Fax: 708/390-2779. U.S. CURRENCY ONLY. 


Please print clearly. 


Please send the following: 
. Cicheck Enclosed [EJvisA [Mastercard DJ AMEX 


____ copies of A Designer’s Guide to Precision DC Current 


Sources $12.25 CreditCard# CE p.dattle 
____ copies of A Designer’s Guide to Bridge Circuits $12.25 Phone 
____ copies of the combined set of A Designer’s Guide to Name 


Precision DC Current Sources and A Designer’s — Company 
Guide to Bridge Circuits $17.25 Address (NoP.O. Bow 


Note: All prices above include shipping & handling. City State Zip 


| Signature 
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Temporary packaging yields reasonably priced KGD 


Semiconductor manufacturers test 
virtually all of the packaged chips 
they ship and burn in many of them. 
One of the big problems facing design- 
ers of compact products—whether for 
military or commercial markets—is 
obtaining reasonably priced, uncased 
dice whose quality equals that of pack- 
aged chips. Such chips are called 
known-good dice (KGD). Techniques 
for testing fragile bare dice have been 
so costly and problematic that many 
manufacturers of assembled products 
(MCMs, for example) have resorted to 
using untested chips. This approach 
usually leads quickly from the frying 
pan into the fire: Only after expending 
high-priced labor do manufacturers 
discover which chips are defective. 
Assemblies that contain faulty chips 
must then undergo costly rework or 
make their way to the scrap heap. 

For years, people throughout the 
industry have said they need a reliable, 
cost-effective method of testing and 
burning in uncased ICs. After years of 
development, Texas Instruments’ Met- 
allurgical Materials Div and MicroMod- 
ule Systems (Cupertino, CA) has devel- 
oped a temporary packaging system 
called DieMate. So far, one semicon- 
ductor vendor (Intel) has announced a 
line of uncased chips that are tested 
using the system. (Intel’s trademark for 
the ICs is SmartDie.) Several other IC 
vendors are actively evaluating the Die- 
Mate technology. 

A great deal of technology is 
involved. The heart of DieMate is a mul- 
tilayer thin-film substrate unique to a 
particular chip layout. The substrate 
incorporates solder bumps that contact 
the chip’s own bonding pads. (For 
bumped dice intended for face-down 
bonding, the substrate solder bumps 
contact the solder bumps on the chip.) 
The substrate also incorporates a dam 
that surrounds the chip’s edges. The 


A reusable temporary package, part of a system called DieMate, enables IC vendors to pro- 
vide tested, burned-in uncased ICs to assemblers of MCMs and other compact products—at 
prices comparable to those of packaged chips. 


dam correctly positions the chip with 
respect to the substrate solder bumps. 
After the top is placed on the tempo- 
rary package, the dam provides an 
environmental seal around the chip’s 
edges, obviating the need for a clean- 
room environment. 

Usually, pick-and-place machines 
will load the dice into the temporary 
packages. After that, the chips can 
travel to standard ATE using standard 
packaged-device handlers. For chip- 
level burn-in, the temporary packages 
plug into sockets mounted on cards that 
fit into standard burn-in racks. For 
high-volume burn-in, automated pick- 
and-place machines can install the tem- 
porary packages on the cards. After 
test and burn-in, pick-and-place 
machines unload the bare dice and 
place them in standard gel packs for 
shipment to assembled-product manu- 


facturers. The temporary package is 
reused—up to 500 times. 

TI estimates the cost of the system 
at between 25 and 50 cents per chip in 
high volume. The cost depends on the 
chip’s size and complexity as well as its 
manufacturing volume. Especially for 
more complex chips, such costs com- 
pare favorably with those of conven- 
tional packages. Moreover, TI esti- 
mates that in MCMs, the savings from 
eliminating rework can range from 25 
to 75% of an assembly’s cost. Current- 
ly, TI makes the temporary packages 
in 56-, 110-, and 280-pin sizes. A 400- 
pin version is on the drawing board. 
The packages have been fully charac- 
terized for their high-speed properties 
at frequencies to 250 MHz. 

—by Dan Strassberg 
Texas Instruments Inc, Attleboro, 
MA, (508) 699-3800. Circle No. 423 


PCMCIA disk drive stores 340 Mbytes 


MiniStor Peripherals Corp is now ship- 
ping samples of a 1.8-in. disk drive that 
stores 340 Mbytes of compressed data. 
The Type III (10.5-mm-thick) PCM- 
CIA card that contains the drive imple- 
ments a data-compression algorithm 
from Stac Electronics in hardware, 


effectively doubling the drive’s 171- 
Mbyte native capacity. Users may 
optionally disable compression. 

The 340 MB More Drive, as the 
new product is called, joins a line of 
other PCMCIA disk drives noted for 
their ruggedness. The new drive, 


according to MiniStor, will with- 
stand a 200-g shock while operating 
and a 900-g nonoperating shock. It 
has a suggested retail price of $599. 
—by Gary Legg 

MiniStor Peripherals Corp, San 
Jose, CA, (800) 948-0165. Circle No. 424 
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EDN-NEws BREAKS 


12-bit ADC's low 
distortion enables “soft” 
wireless basestations 


By exhibiting a spurious-free dynamic 
range of 72 dBc at 13 MHz, Analog 
Devices’ AD9026 and 9027 are suitable 
for wideband applications that require 70 
dB of distortion-free dynamic range. One 
such example is the “soft” basestation for 
cellular communications. A conventional 
basestation requires up to 60 trans- 
ceivers, one per cellular channel. The soft 
approach uses a single shared receiver to 
digitize the entire 12.5-MHz cellular 
bandwidth and then individually selects 
and processes each channel digitally. 
This technique is only commercially fea- 
sible using an ADC with a sampling rate 
of at least 31M samples/sec, wide dynam- 
ic range, and very low distortion. 

The 9026 and 9027 have a 200-MHz 
analog-input bandwidth so they can 
down-convert band-limited signals 
with carrier frequencies in the 15- to 
30-MHz range. The TTL 9026 and ECL 
9027 are identical designs, apart from 
their output interface. Both integrate a 
reference, T/H amplifier, output logic, 
and internal bypass capacitors. Power 
consumption is 1.6W with 5 and -5.2V 
supplies. S/N ratio plus distortion is 63 
dB for full-scale inputs at 13.4 MHz. 
Intermodulation distortion is better 
than 76 dB for two tones at 9.6 and 11.3 
MHz, each 7 dB below full scale. The 
devices cost $238 (1000). 

—by Anne Watson Swager 

Analog Devices, Wilmington, MA, 
(617) 937-1428. Circle No. 425 


SCSI controller card 
achieves PCI compliance 


The TMC-3260 SCSI-2 controller card 
from Future Domain is the first such 
card to achieve full compliance with the 
Peripheral Component Interface (PCI) 
2.0 specification. The card, which plugs 
into a PCI slot, is autoconfiguring, 
requiring neither jumpers nor software 
settings. It is based on Future Do- 
main’s 86C70 PCI-to-SCSI IC. 

PCI 2.0 compliance has both hardware 
and software requirements. At the hard- 
ware level, a card must support shared 
interrupts and interrupt chaining. At 
the software level, it must work with a 
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variety of operating systems. It must 
also contain a descriptive PCI “header” 
and provide automatic, active termina- 
tion. The TMC-3260 card, for example, 
senses if it is in the middle of the SCSI 
bus and disables termination. The card 
sells for $189 by itself or, with cable and 
software, $195. —by Gary Legg 
Future Domain Corp, Irvine, CA, 
(714) 253-0400. Circle No. 426 


Air Force policy and 
procedures available 
electronically 


The US Air Force Publications Distrib- 
ution Library has selected InfoAccess 
Inc’s Guide to Professional Publishers 
to deliver electronic versions of Air 
Force documents to more than 600,000 
users at 2600 squadron-level units. The 
system will convert various media 
sources into one electronic text and 
graphics database, providing access to 
interactive versions of all publications, 
such as policies and procedures. The 
system links related passages in the 
information database and performs 
searches for key words and phrases. 
—by Fran Granville 
InfoAccess Inc, Bellevue, WA, (206) 
747-3208. Circle No. 427 


US engineers experience 
more age discrimination 


US electrical, electronics, and comput- 
er engineers in their 50s and 60s report 
higher rates of unemployment, self- 
employment, and forced retirement 
than their counterparts in other coun- 
tries, according to an IKEE US Activi- 
ties (IEEE-USA) survey. The random 
survey polled 970 US IKEE members 
and 1180 non-US members. The US 
engineers also reported greater pres- 
sure to retire than their foreign coun- 
terparts: 32% of US engineers say they 
retired involuntarily, compared with 
26% of non-US retirees. The survey 
also revealed that the average salary of 
US engineers is $59,754, and typical 
salaries range from $70,000 to $90,000. 
You can get a copy of the survey from 
IKEE-USA.—by Fran Granville 
IEKEE-USA, Washington, DC, (202) 
785-0017. Circle No. 428 


16-bit 1/0 card 
needs no jumpers 


The 16-bit Soft I/O card for IBM and 
compatible machines requires no 
jumpers and provides four high-speed 
serial ports and two bidirectional print- 
er ports. Using the device and software, 
users can change the address or disable 
any of the serial and parallel ports as 
well as select from interrupts 8, 4, 5, 7, 
9, 10, 11, 12, and 15 for any port. The 
hardware is register-level-compatible 
with high-speed 16550-type UARTs 
with internal 16-byte buffers and IBM 
PS/2 printer ports. The device also sup- 
ports onboard BIOS support for future 
expansion through a flash BIOS. Appli- 
cations for the serial ports include 9600- 
baud external modems, and the bidirec- 
tional ports permit using scanners and 
faster data transfer for laser printers 
and external printer-port-driven tape 
drives. Price for the Soft I/O is $299 
(Canadian).—by Fran Granville 
Axxon Computer Corp, Windsor, 
ON, Canada, (519) 974-0163. 
Circle No. 429 


SHORTS 


I-Cube signs distribution agree- 
ment. I-Cube Inc, a manufacturer 
of field-programmable interconnect 
devices, has signed a distribution 
agreement with Insight Electron- 
ics, San Diego. Under terms of the 
agreement, Insight will distribute 
I-Cube products throughout North 
America and serve as a manufac- 
turer’s sales representative in terri- 
tories where I-Cube has no other 
contracted representatives. I-Cube 
Inc, Santa Clara, CA, (408) 986- 
1077. Circle No. 430 


EEPA changes name. The Electro- 
magnetic Energy Policy Alliance 
has changed its name to the Elec- 
tromagnetic Energy Association. It 
has also expanded its purpose to 
establish ANSI-accredited product 
and industry standards for EMF 
use and to provide public education 
for EMF safety. EEA, Washington, 
DC, (202) 452-1070.’ — Circle No. 431 


PLSyn is the most advanced desktop pro 
synthesis system available. Part of the Desi 
of products, it 0 fers device- noe i : 


ESIGN YOUR SYSTEM... 


PLSyn lets you concentrate on your system, not on the 
PLDs. It is the only desktop system that allows you to 
design and simulate a system containing program- 
mable logic, discrete digital, and analog parts all 
on the same schematic. You can describe your 
logic using a powerful synthesis language, logic 
symbols, or a combination of both. Program- 
mable logic is automatically compiled and 
simulated with the rest of your system—even 

if it includes analog! You no longer need to 

piece together separate programmable logic, 
discrete logic, and analog simulations to be 

sure your system will work. 


When logic design 
is complete, PLSyn 
helps you find the 
best parts to use. Yo 
define your own goa 


DIGITAL 
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DSP book replaces 


EDN-Hanps ON! 


Product reviews from EDN’s editors and readers 


expensive consulting services 


The price of A Buyer’s Guide to DSP 
Processors, by Berkeley Design Tech- 
nology Inc (Fremont, CA) alone should 
intrigue you. At $1850 for the first 
copy and $400 for additional copies, 
this is more than just a book; it is a 
666-pg report that provides a compre- 
hensive marketing and technical guide 
to programmable DSPs (digital signal 
processors). The book states: “This 
report is intended for anyone who is 
evaluating or comparing DSP proces- 
sors, or who wants an independent, 
comprehensive introduction to the 
technology.” 

After the basic introductory chap- 
ters, the book really begins in Chapter 
3 with a quick look at the fundamen- 
tals of DSP: What is DSP? What are 
DSP processors and their applications? 
DSPs are popping up everywhere and 
this chapter explains where they fit in. 

Chapter 4, entitled “Embodiments 


and Alternatives” briefly describes the 
various formats that DSP hardware 
can assume: from multichip modules, 
to DSP cores, to multiprocessors. The 
chapter also discusses some of the 
alternatives to using commercial DSP 
processors. 

The next chapter, “Characteristics 
of DSP Processors,” is where the real 
action begins. For someone coming up 
to speed on this subject, this chapter 
is great. Although you won’t walk 
away an expert on DSP (this would 
require years of schooling), you'll 
learn enough to talk intelligently 
about it. Topics in the chapter include 
the difference between floating- and 
fixed-point processing, DSP data paths 
and memory architectures, addressing 
modes and instruction sets, execution 
control (eg, looping and interrupts), 
pipelining, peripherals, power con- 
sumption and management, and on- 


chip debugging and 
development tools. The best 
part about this chapter is that the 
material provides a lot of useful and 
interesting details in an easily com- 
prehensible form. Furthermore, 
it doesn’t bog you down with the 
overwhelming amounts of mathemati- 
cal equations normally packed into 
textbooks. 

Chapter 6 describes how to choose 
a processor that will satisfy the re- 
quirements of your projects. I espe- 
cially appreciated the way that the 
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Here? 


Where do you begin 
solving software digital 
design problems? 
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book presented this using common 
DSP-related examples such as mo- 
dems, disk-drive servo-control, and 
PC multimedia. This allows you to 
get a good feel for how DSP fits in 
from a practical perspective. You'll 
also find the discussion on application 
profiling (a technique for measuring/ 
estimating the time a program 
spends in its various subsections) 
useful because this is probably how 
you'll determine the performance the 
DSP requires. 

Chapters 7 and 8 deliver an unbi- 
ased description of the features of 23 
industry-leading DSPs in detail. If 
you're already an expert on DSP, this 
is where you'll get your money’s worth 
out of this book. You can comb through 
hundreds of pages of organized and 
carefully analyzed information. Kach 
processor is examined for its architec- 
ture, instruction set, execution control, 


peripherals, on-chip debugging sup- 
port, development tools, power con- 
sumption, advantages, and, most 
importantly, its disadvantages. From 
these descriptions you'll definitely be 
able to choose the DSP for your appli- 
cation, and it sure beats having to 
painstakingly sort through piles of 
data sheets. On the other hand, if 
yow’re trying to design a processor, 
you’ll find these chapters useful for 
understanding what the competition is 
doing. 

The last chapter tackles benchmark- 
ing—the “smoke and mirrors” of the 
DSP vendor’s marketing tactics. For 
example, how valuable is benchmark- 
ing in terms of MIPS (millions of 
instructions per second), when one 
processor takes 100 instructions to 
perform an operation and another 
processor can perform the same oper- 
ation in two instructions? In this chap- 


: - solutions. 


° al Concept brochure, and technical 
on HP's 
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ter, the BDT team presents the bench- 
mark procedures and data they devel- 
oped and organized for the DSPs dis- 
cussed in this book. 

Overall, I found this book to be very 
readable and well organized. Further- 
more, it provides a great replacement 
for a seminar (which would probably 
cost more than the book and wouldn’t 
contain nearly as much information). 
Unlike many technical books that are 
outdated the instant they’re printed, 
you can receive updated information 
by mailing in your book’s registration 
ecard. Combine A Buyer’s Guide to DSP 
Processors with EDN’s DSP-Chip 
Directory (EDN, June 9, 1994, pg 75), 
and you'll have just about everything 
you need to understand what’s hap- 
pening in the DSP market. 

—Markus Levy 

Forward Concepts, Tempe, AZ. (602) 
968-8759. Circle No. 500 


Second, you need to have information that’s not 
only in a language you understand, but in a context 
| ints relevant. nee why real-time, high-level 
lang ze debugging g is our standard. Because if you © 
how your code relates to the system — right 
error occurred — you'll immediately know 
: ed the problem. — 
ou. need tools that will get used. We 


designed easy-to-use, open 
systems with __ verified 
connections to leading soft- 
ware vendors. So youll feel 
confident choosing the best 
tools, knowing that if they 
work well together, so can 
you and your project team. 


— started today. 


entire family of software 
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High noon for 
EPSON LCD-driver ICs 


The new EPSON SED1560-Series: 
LCD-driver ICs in one-chip solution. 


Facts for your decision: 

= On-chip 166 x 65-bit display RAM 

= Direct relationship between RAM-bits 
and display-pixels 

= 6800- and 8080-series microprocessor 
interfaces 

a 8-bit parallel or serial data interface 

= Ultra low power consumption 

a On-chip DC-DC-converter 

= On-chip contrast control 

= CMOS process 


Multiple-chip configuration: 


3 560 


65 x 268 


1] Segments 
SED1560 
(Slave) 


Case 1 Case 6 


For further information just call your local area office and 
ask for the OEM division. 
We know, we can help. 


EPSON 


we re here to help 


EPSON Semiconductor GmbH, RiesstraBe 15, D-80992 Miinchen 
Phone + 49-89-14 97 03-0, Fax + 49-89-14 97 03-10 


EPSON France S.A., B.P. 320, 68 bis, Rue Marjolin, F-92305 Levallois-Perret Cedex, FRANCE 
Phone: + 33-1-40873737, Fax: +33-1-47372240 
EPSON Italia s.p.a., V. le F. Illi Casiraghi, 427, |-20099 Sesto S. Giovanni (MI), ITALY 
Phone: +39-2-262331, Fax +39-2-2440750 
EPSON (UK) Ltd., Campus 100, Maylands Avenue, Hemel Hempstead, Hertfordshire HP 2 7EZ, UK 
Phone: +44-442-227222, Fax: +44-442-227244 
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(Master) 


books that work 


the way you work 


Specific design examples of circuits! 
Radio Frequency Transistors: 


Principles and Practical Applications 
Norman E. Dye and Helge O. Granberg, 
Motorola 

Written by two experienced RF design engineers, 
this new book discusses the selection of solid state 
devices for specific applications. For the most part, 


it is devoted to specific design examples of circuits. 
Sept. 1992 288pp. cloth 07506 9059 3 $39.95 (£40.00) 


Achieve acceptable EMC performance at minimal cost! 


EMC for Product Designers 
Tim Williams 

Electromagnetic compatibility is becoming 
increasingly important in the design of electronic 
products. In the absence of comprehensive U.S. 
standards, the Europeans are leading the way in this 
field. This book examines the European Commission's 
standards on EMC and, most importantly, outlines how 
EMC design principles need to be incorporated from the 
beginning to avoid cost and performance penalties. 
October 1992 272 pp cloth 07506 12649 $42.95 (£24.95 paper) 


Loaded with practical information 
Rechargeable Batteries 


Applications Handbook 
Technical Staff, Gates Energy Products 
In order to obtain the best performance from re- 

chargeable batteries, it is essential that they be ap- 
plied correctly. This is acomprehensive reference on 
proper selection, specification and application guide- 
lines from one of the world's largest sealed-cell 
manufacturers. 

May 1992 290pp. cloth 0 7506 9227 8 $49.95 (£38.50) 


In the U.S. 


1-800-366-2665 
M-F 8:30-4:30 E.T. 

Fax 617-438-1479 | 

BUTTERWORTH-HEINEMANN 


80 Montvale Ave., Stoneham, MA 02180 
The |EDN)| Series 


for Design Engineers 


In the U.K. and Europe, order from: 
REED BOOK SERVICES LTD. 
Special Sales Department 
P.O. Box 5 Rushden, Northants NN10 9YZ U.K. 
To order by phone: 
TEL. 0933 58521 FAX 0933 50284 
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LITERATURE 


System application guide. Analog 
Devices’ System Applications Guide is 
an 870-pg handbook of techniques, 
topologies, and methods covering all 
aspects of the analog-to-digital signal 
path and environment. Topics include 
sensor interfacing, multiplexing, ampli- 
fiers, high-accuracy performance, audio 
applications, high-speed systems, inter- 
facing to A/D converters, verifying 
performance, D/A converters and 
direct digital synthesis, and motor con- 
trol. $380. Analog Devices, Norwood, 
MA. Circle No. 414 


Power-components catalog. A 36- 
pg color catalog describes the compa- 
ny’s full line of component and config- 
urable power products. The guide 
includes photographs, descriptions, 
technical specifications, applications 
information, and selection charts. Vicor 
Corp, Andover, MA. Circle No. 415 


Shortform catalog on test and dig- 
ital-multimeter accessories. This 
shortform catalog provides information 
on test connectors and digital multime- 
ter accessories for electronic R&D labs, 


FREE INFO, FREE POSTAGE 


Use our postage-paid reader-service 
cards to get more information on 
any of these products. 


workstations, service departments, 
electricians, and training institutions. 
The guide also describes a line of test 
probes, clips, and leads for electrical 
and electronic test-and-measurement 
applications. Hirschmann of America 
Inc, Riverdale, NJ. Circle No. 416 


Catalog features high-power 
resistors and terminations. This 6- 
pg brochure details a line of high-power 
resistors and terminations. The catalog 
describes models with power handling 
from 10 to 800W, with values ranging 
from 0.5 to 20,000. Designed for use in 
high-power amplifiers, the resistors 
and terminations are ideal in micro- 
strip applications. RF Power Compo- 
nents Inc, Holbrook, NY. Circle No. 417 


Software catalog and free demo 
disk. A free catalog with demo disk 
describes a multitasking, object-orient- 


ed software package designed to simpli- 
fy creating custom test, measurement, 
and data-acquisition applications in the 
Microsoft Windows environment with- 
out the need for conventional program- 
ming techniques. Keithley Instru- 
ments Inc, Cleveland, OH. Circle No. 418 


Application note explain amplifier 
intermodulation test station. This 
20-pg brochure details a new UF X- 
NPR amplifier test station, designed to 
measure intermodulation distortion 
and spectral regrowth using the noise- 
power-ratio (NPR) method. Noise Com 
Inc, Paramus, NJ. Circle No. 419 


Infocard on Pentium power prod- 
ucts. A free 4-pg infocard provides 
information on linear and switching 
voltage regulators for use with Intel’s 
Pentium microprocessor. It covers five 
regulators that deliver 3.3V efficiently 
from a 5V supply at currents ranging 
from 1.5 to 10A. The infocard also 
includes a table of RS-232C serial-port 
ICs that are compatible with 3V logic. 
Linear Technology Corp, Milpitas, 
CA. Circle No. 420 
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HP 647 00 Gares 
Real-Time Emulators: 


Because a direct approach 
is always faster. 


Looking at information one piece at a 
time can send you down a lot of blind 
alleys. That got us thinking. What if an 
emulator could help you go straight to 
the answer? 


With dual-ported emulation memory and 
a choice of foreground or background 
monitors, you could make measurements 
in real-time — without interrupting your 
design process. 


If you could do high-level C/C++ dynamic 
debug and analysis, you'd spend less time 
deciphering code. 


Common debugger interfaces would 
make sharing data with your team easier. 
And if you could get all this on an 
emulator for virtually any processor you 
have, your problems would be solved. 


If that sounds like a faster approach to 
you, call one of the numbers listed below 
for more information. Or ask for an HP 
engineer. 


And speak to us directly. 
There is a better way. 


(A packana 


France (1) 69-82-65-00 Germany (06172) 16-1634 Italy (02) 9212-2241 Netherlands (020) 547-6669 Spain 900 123-123 Sweden (08) 750-2000 Switzerland (057) 31-21-11 U.K. (0344) 366666 
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FAST Track to FAST SCSI 


90’s Challenges. The 90’s demand higher 90’s Products. After over a decade of 90’s Solutions. The SCSI challenges of th 


levels of performance and faster delivery 


industry leadership, NCR is still working 90’s can’t be solved with silicon alone. NCI 


than ever. Time-to-market, technological hard to meet your needs and the challenges quality and service provide you with the 
demands, and changing user needs make of the 90’s. The NCR 53090 family of SCSI competitive edge that can make your 
fast, simple SCSI seem as elusive as the Controllers is constantly evolving, industry leading designs a reality. Whether 
horizon. To stay ahead in these challenging implementing and offering state-of-the-art you require SCSI-1 or fast SCSI-2, in any 
times, you need products you can count on, products. For example, the NCR 53C90 system architecture, NCR has the product t 
with proven ability to deliver the quality and family supports multiple bus architectures, meet your needs today. You can count on u 
reliability your customers require. advanced SCSI-2 commands, fast SCSI data to keep you on the fast track with the right 
transfers and provides our exclusive technology, at the right price, at the right 
TolerANT® SCSI driver and receiver time for all your SCSI requirements. 
technology, for reliable data transfers in 
every SCSI system. 


The 


FAST SCSI* 


NCR 53C90 Family 


CIRCLE NO. 86 


“NCR Fast SCSI devices transfer SCSI data at 10 MB/s synchronous or 7 MB/s asynchronous 


Single-bus architecture; SCS! sequences controlled by 
hardware state machine to minimize host intervention 


Adds pass-through parity for increased system reliability | 


Adds split-bus architecture for more flexibility 
Adds support for differential transfers 


INCREASING SCSI RELIABILITY 
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CTIVE MEGATION TECHNOLOGY 


Jesse H. Neal 

Editorial Achievement Award 
1990 Certificate, Best Editorial 
1990 Certificate, Best Series 
1987, 1981 (2), 1978 (2), 

1977, 1976, 1975 


American Society of 
Business Press Editors Award 


1994, 1991, 1990, 1988, 1983, 1981 


EDN-EDITORIAL 


How to use 
the right stuff 


For the first time in 23 years, a spacecraft 
from earth has orbited the moon. Clemen- 
tine, a $55-million, two-month mapping mis- 
sion, employs miniaturized detectors devel- 
oped by the US Ballistic Missile Defense 
Organization (BMDO, formerly the Star 
Wars office). BMDO and NASA whipped up 
this “low-cost” moon mission in just two 
years from conception to execution. The 
result is the first complete picture of the 
moon’s surface, which Clementine mapped 
by taking 1.5 million images using UV, visi- 
ble, and near-infrared cameras. 

Cameras on the Apollo missions a quarter 
of a century ago mapped the “front” of the 
moon and a narrow strip of the moon’s 
“back,” but Clementine provides us with the 
full picture—and a surprise. At the center of 
the lunar South Pole is a region that’s per- 
petually in shade. If the moon has any sur- 
face ice, which could provide a valuable 
source of hydrogen and oxygen for a lunar 
base or manufacturing, this shaded region is 
probably where we'll find it. 

Clementine’s voyage occurs almost pre- 
cisely 25 years after the historic Apollo 11 
mission (July 20, 1969) when Neil Arm- 
strong and Edwin “Buzz” Aldrin became 
the first to walk on the moon while Michael 


Collins orbited overhead. With our short 
memories, it’s all too easy for us to forget 
NASA’s heyday. That time is gone, but 
Clementine is proof that we can still devel- 
op the technology to meet challenging 
goals. 

Today, we have many such challenging 
goals. For example, Motorola is leading a 
team on the Iridium project with the goal of 
providing a universal, global, wireless com- 
munications network. That goal requires the 
launch and maintenance of at least 66 (for- 
merly, 77) satellites. Many of those satellites 
will ride upon the near-descendants of rock- 
ets developed as intercontinental ballistic 
missiles for the military. 

In short, we are now preparing to reap 
benefits from our military-technology 
investments that go far beyond peace and 
deterrence. In recognizing this technologi- 
eal shift from military to commercial, we at 
EDN have assembled a special issue, code- 
named “Project Plowshare.” This special 
issue, which you will see in two weeks, will 
give you a look at just how military technol- 
ogy is moving into the commercial arena 
along a broad front. I expect you will find 
this issue as fascinating to read as it was to 
develop. 


Steven H Leibson 
Editor in Chief 


Send me your comments via fax at (617) 558-4470, or on the EDN Bulletin Board System 
at (617) 558-4241, 300/1200/2400 8,N,1. From the Main System Menu, enter ss/soapbox and 


select W to write us a letter. 
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You’ve got a problem that goes 
way beyond simple data conversion. 
So you think of Analog Devices first. 
Which is natural because we’re the 
world leader in converters. But also 
because we go way beyond simple 
data conversion. Many of our con- 
verters include on-board references 
and sample/hold amplifiers that offer 
highly integrated solutions for all your 
data acquisition needs. We combine 
advanced mixed-signal techniques 
with our proven expertise in data 
conversion. So we can provide ADCs 
with features like self-calibration. And 
sigma-delta converters for a variety of 


specific applications in process con- 


The 12-bit AD7892, with a 
500 ksps conversion rate 
fee cand a power dissipation of 
. just 60mW, features unique 
voltage protection on the analog 
input and the flexibility of both serial 
and parallel interfaces. 


trol, computers, medical instrumenta- 
tion and communications. 

Our converters span resolutions 
from 6 to 24 bits and speed from dc 
to hundreds of megasamples per 
second. Advanced functionality is 


built-in. So leading companies look 


NOBODY DOES CONVERTERS LIKE :ANALOG DEVICES. 


to us for converter leadership. Sony” 
chose our AD875 10-bit, 15 MHz 
ADC converter because it gave them 
the low power, high performance 
and low cost they needed for their 
digital camcorder. We supply five of 
the top seven GSM manufacturers 
with baseband and voiceband con- 
verters. And in a joint venture with 
IBM®, we developed a 1 GHz, SiGe 
To make the best work- 
stations, you need the 
best displays. That’s 
why SUN Microsystems? — 
Inc. chose our ADV7152 7?_iieE 
video RAM-DAC, with 220)" 


MHz 24-bit (effective 30-bit) pexole 
tion and gamma correction RAM. 


DAC that, as one trade journal put 
it, threatens to upend the wireless 
communications market. 

Put all of this together with our 
world-class operations, on time deliv- 
ery, responsiveness, applications sup- 
port and competitive pricing and what 
have you got? The world leader in 
converters. And a good reason to call 


1-800-ANALOGD. 


_ ANALOG 
DEVICES 


Analog. Digital. Solutions. 
CIRCLE NO. 28 


Analog Devices, Inc., One Technology Way, RO. Box 9106, Norwood, MA 02062-9106. 
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lucrative future, since PCnet-SCSI 
Supports the standards end-users 


Everyone could use some extra space. 
And that’s exactly what Compaq’ offers 
end-users in their new Deskpro’ XL. All demand: Ethernet for network access. 
with the help of AMD?of course. | SCSI for peripherals in applications like 

AMDs new PCnet=SCSI controller = 4&5 multimedia. And PCI, the leading 
enabled Compaq's designers to create ays pcuerscstchip nutstthernetana HIGh-speed bus architecture. It even 
a high-performance, plug-and-play PC “Vofieneucimpaa beskproxt.” COMeS with a complete selection of 
with 32-bit Ethernet and SCSI on the mother- — Network Operating System and peripheral drivers. 
board— eliminating the need for separate PCnet-SCSI covers only 7.5 square inches 
Ethernet and SCSI adapter cards. of motherboard real estate and takes only one 

Your next PC design can have an equally PCI load. Which leaves plenty of PCI loads 


One AMD Place, P.O. Box 3453, Sunnyvale, CA 94088. ©1994 Advanced Micro Devices, Inc. PCnet is a trademark, AMD and the AMD logo are registered trademarks of Advanced Micro Devices, Inc. Compaq and Deskpro are registered trademarks of Compaq Computer Corporation. 
Other product or brand names mentioned are property of their respective holders. 


i 4 AMD's 
PCnet-SCSI 
i E controller. 


Boe oe Ox le inches. 


and open slots for future upgrades. So there's entire PCnet family, contact your local AMD sales 
always room for expansion. office listed below. Because with the right connec- 
What's more, PCnet-SCSI is software and tions, you can make a fortune, too. __ 
pin-compatible with other members of the By Askior 
PCnet family. So you can configure your sys- be | Pack 19R. 


tems to offer either Ethernet, SCSI, or both. 
All in one design. 


Best of all, you can add all this functionality 
for less than $50—compared with a major invest- ‘4, A 
ment in adapter cards, installation, and support. . e 
For more information on PCnet-SCSI and the Advanced Micro Devices 


For more information on PCnet-SCSI, contact your local AMD sales office or sales representative. International Sales Offices: Antwerpen (03) 248 43 00; Frankfurt area (06172) 9267-0; Hong Kong 86 54 525; London area (0483) 740 440; Manchester area (0925) 830 380; Milano (02) 339 05 41; 
Miinchen (089) 45053-0; Osaka (06) 243 32 50; Paris (1) 49 75 10 10; Seoul (02) 784 0030; Singapore (65) 348 11 88; Stockholm (08) 98 61 80; Taipei (02) 715 35 36; Tokyo (03) 334 67 550. 


New Titles in the 


=IDIN 


SERIES FOR DESIGN ENGINEERS 


Simplified Design 
of Linear Power 
Supplies 


John D. Lenk 


* No previous design experience is required to 
use the techniques described 


All popular forms of linear supplies are covered in 
detail (including zener, 3-terminal, feedback, 
current foldback, op-amp, series, shunt, and IC 
package) 


Simplified Design of Linear Power Supplies is an all- 
inclusive, one-step guide to linear power supply 
design, using step-by-step instructions and diagrams. 
The first half of the book describes how linear power 
supplies operate and explains what is required to 
design such supplies. The second half provides 
specific design examples, using the techniques 
described in the first half. The basic approach is to 
start design problems with approximations for trial- 
value components in experimental circuits, then to 
vary the component values until the desired results 
(input/output, voltage and current, line and load 
regulation, ripple rejection, noise, etc.) are produced. 
The design examples can be put to immediate use as 
is, or can be modified to meet a specific design goal. 


CONTENTS 

Linear Power Supply Basics ¢ Heat Sinks for Linear 
Power Supplies * Discrete Feedback-Regulator 
Basics * Linear Regulator Basics * Op-Amp Linear 
Regulator Basics * Linear Supply Testing and 
Connections ¢ Linear Supply Design Examples 


August, 1994 ¢ 240 pp. © hardcover 
isbn 0-7506-9506-4 * $29.95 


Power 


Supply 
Cookbook 


Marty Brown 


* Provides easy-to-follow, step-by-step procedures 
for every phase of power supply design 


¢ Trains the technician or engineer, regardless of 
their discipline, to complete a complicated power 
supply design in less than one day 


The Power Supply Cookbook is organized in such a 
way as to permit you to design a complicated power 
supply to fit your needs in less than eight hours. It 
covers every phase of design from magnetics design 
and feedback loop compensation design to RFI/EMI 
control. In addition, this practical reference provides 
common industry design approaches with explana- 
tions for ease of implementation. No other book 
discusses the noise and layout issues involved in a 
design and then weaves its importance into practical 
design examples. 


CONTENTS 

The Role of the Power Supply within the System and 
the Design Program ¢ Basic Linear Regulator 
Operation * Pulsewidth Modulated Switching Power 
Supplies * Quasi-resonant Switching Power Supplies 
¢ Appendices 


August, 1994 ¢ 248 pp. © hardcover 
isbn 0-7506-9442-4 * $39.95 


313 Washington Street 
Newton, MA 02158 


Call Toll-Free 1-800-366-2665 
(M-F, 8:00-6:00 EST) 
Call today to place your order on 30 day approval. 


Return your purchase within 30 days if not completely satisfied. 
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US software vendors 


face a dilemma: 
whether to thrust 
English-language 
products on foreign 
users or to “local- 
ize” products and 
offer their users 
native-language 
help, aide, ajuda, 
hjcelp, hilfe, 
napoveda, ohje, 
pomoc, sigo, dowa 
juseyeo... 


EDN-TECHNOLOGY UPDATE 


SOFTWARE LOCALIZATION 


Software vendors sweep 
aside language barriers 


BRIAN KERRIDGE, Senior Technical Editor 


The next time you power up a PC, imagine 
viewing a file menu in French, a dialog box 
in Czech, or a date in Chinese. Not what 
you'd call “user-friendly,” but, nonetheless, 
examples of what many foreign users face 
daily with English-language software appli- 
cations. 

One way to offer foreign users the same 
level of convenience, comprehension, and 
satisfaction that native English speakers 
enjoy is “software localization”—a facility 
that makes software communicate with 
users in their native language. 

Although they accept localization as a 
desirable and laudable objective, developers 
of scientific and engineering application 
software have been slow to offer localized 
products. Much of the reason stems from a 
belief that localization means facing 
intractable language problems. Supporting 
applications in one language 
is generally enough of a 
problem, they believe, with- 
out having to add as many 
as 30 other versions. 

In fact, some developers 
avoid the issue altogether 
and voice a popular argu- 
ment that their foreign 
users are mainly scientists 
and engineers, who are 
already English literates. 
Other reasons. vendors 
express for not localizing 
their products relate to 
cost, loss of quality control, 
and extended time to 
market. 

Despite these arguments, 
communicating with a PC 
is, by definition, personal, a 
téte a téte involving a user 
and a powerful tool. Any- 
thing less than 100% com- 


munication implies proportionately less effi- 
cient use of the tool’s functions. 

It’s true that a well-designed graphical 
user interface (GUI) can minimize the 
requirement for textual communication and 
works fine for day-to-day operation, once a 
user is familiar with a product. But when 
running a tutorial or when operation takes 
an unexpected turn, the user needs to 
understand text messages or to head for a 
help menu. 

No doubt many global users accept Eng- 
lish software applications. But, in most 
cases, it’s because they have no alternative, 
and locally developed alternatives, when 
available, offer limited capability and sup- 
port. Even English-speaking foreign scien- 
tists and engineers, given the choice, prefer 
communicating in their native languages. 
Additionally, where applications communi- 


Mentor Graphics has structured its EDA products so that localization 
requires no access to source code. Company policy encourages 
national offices to localize products based on market requirements. 
Currently, Mentor’s Japanese and Swedish offices offer localized 
versions. 


EDN August 4, 1994 = 27 


EDN-TECHNOLOGY UPDATE 


SOFTWARE LOCALIZATION 


cate with technicians and unskilled 
operators, English-language software 
may be unusable. 

If you want to localize software prod- 
ucts, the obstacles are formidable but 
not insurmountable. Much depends on 
the level of localization you 
are targeting. At a basic 
level, simply translating 
screen text is straightfor- 
ward. Adding processing of 
user inputs for one localized 
language is more complex, 
and expanding that facility 
across multiple languages 
significantly increases the 
challenge. 

Ideally, you need to lay 
foundations for localization 
at the outset of development. 
For example, you need to 
partition screen text from 
operational code for your 
application. Also, you need to 
consider which markets to 
target for localization. Japan 
comes high on the list of pri- 


orities, and that means your == 


subcontract companies specializing in 
software localization. Generally, 
these companies offer wider localiza- 
tion services, including translating 
support documentation, developing 
glossaries, and distributing software. 


from 10 offices around Europe and one 
in Beijing. The company localizes prod- 
ucts into 15 European languages— 
principally French, German, Italian, 
and Spanish—and into Chinese, Japan- 
ese, and Korean. 

David Roach, vice presi- 
dent and director of business 
development at Donnelley, 
explains that the company’s 
service extends beyond 
straightforward translation 
to include creating, manag- 
ing, and distributing infor- 
mation. Reducing  cus- 
tomers’ time to reach global 
markets is a primary focus of 
the company’s service. 

As an example, Roach 
cites work for companies 
such as IBM and Microsoft, 
where it once took up to nine 
additional months to release 
foreign-language software. 
Now, it takes three to four 
weeks maximum. Roach 
says these time-to-market 
reductions for localized 


application must support a 
double-byte character set; 
US and most European-lan- 


products are broadly in line 
with speedier hardware 
developments: Five years 


National Instruments localized Japanese LabView software dis- 
pays dialog-box and menu-bar information using double-byte kanji 
characters. 


guage software uses single- 
byte characters. 

Fortunately, companies such as 
Microsoft and Apple have pioneered 
this territory in their advances on 
domestic and home users. As a result, 
MS-Windows and Macintosh developers 
find many of the architectural features 
and facilities for localization built into 
the development tools. 

In addition, there are plenty of 


These localizers accept MS-DOS, 
MS-Windows, Macintosh, and Unix 
applications. 

RR Donnelley Information Services 
is a major company in the information- 
translation business. Software localiza- 
tion accounts for around 40% of the 
company’s revenue, and 80% of that 
work involves translating MS-Windows 
applications. The company operates 


ago, it took two to three 
years to develop a PC; now, it takes 
three to six months. 

To attain this level of service, Roach 
describes Donnelley’s hub-and-spoke 
strategy, which centralizes nonlan- 
guage activities, such as preprocess- 
ing, setting up glossaries, and handling 
stylistic issues, and places these ser- 
vices on line in Donnelley’s national 
offices. 


UNICODE CHARACTER SET AIDS SOFTWARE LOCALIZATION 


: Most software applications support single-byte character sets, 
_ or code pages. As an example, European MS-DOS supports 


_ six single-byte sets, in which the first 128 characters of each. 


_ set are common. The remaining characters in each set diverge 
to represent local- and national-language differences, such as 
| accented characters and currency signs. 
_ Problems arise when you need more than 256 characters to 
/ communicate, as with Asian languages. In this case, your soft- 
ware needs to support double-byte character sets. 

In the late 1980s, a consortium of major software and com- 
puter companies, including Apple, Microsoft, and Sun 
_ Microsystems, set about developing one standard double-byte 
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character se-—known as “unicode”—to incorporate every con- 
ceivable international character likely to fall into use. Much of 


the work involved deciding how to reduce the large number of 


Asian-language characters to a workable selection. Known as 
“Han unification,” the consortium reduced around 120,000 | 
possible Chinese, Japanese, and Korean characters to approx- 


imately 20,000. 


The work of the unicode consortium resulted in the interna- 
tional standard ISO 10646, “Basic Multilingual Plane.” 

Until recently, software support for unicode has been poor, 
but Windows-NT now offers support, so applications support- 
ing unicode will follow. es | 
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Circulating 
for over 
80 years 


Every month Electronics 
World focuses on the 
world of electronics 
design and PC-based 
engineering tools. The 
magazine has a depth of 
coverage that gives the 
reader the clearest view of 
new products and an 
absolute understanding of 
the latest technology in 
design, applications and 
software. 


Electronics World is 
published by Reed 
Business Publishing, part 
of the same company that 
publishes EDN, so we are 
able to offer you an 
exclusive discount ona 
subscription of as much as |- 
40% off the normal price. & 


And don’t forget the fs 
satisfaction guarantee — 
if you decide at any time 
you don’t like Electronics 
World write and tell us 
and we will refund the 
unused portion of you’re 
subscription ! 
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Roach stresses the importance of 
localizing products within the target 
country and of using staff with both 
development and end-user expertise. 
Without this arrangement, you can 
hope neither to incorporate cultural 
and straightforward translation issues 
nor to maintain the quality of a local- 
ized product. Roach believes that, 
because of the speed of changes in the 
information-technology sector, localiz- 
ers should not spend more than six 
months away from their target coun- 
tries. More than that will make them 
unattuned to the nuances of culture, 
colloquialisms, and jargon to maintain 
quality in localization. 


Localization can be routine 

Microsoft has more than a decade of 
experience in localizing its products 
and routinely offers software in as 
many as 30 languages. Although the 
company maintains a high level of in- 
house localization expertise, globally 
dispersed subcontractors perform most 
localization. 

John Hopper, desktop-unit product 
manager at Microsoft, believes that 
localization involves more than just 
word translation. He says, in general, 


| know you read about their products in EDN. 


Apple Computer Inc 
| Cupertino, CA 
| (408) 996-1010 
| Circle No. 306 © 


| Berlitz Translation Services 
New York, NY 
(212) 598-2598 

| Circle No. 307 


Infracoop 

Bologna, Italy 
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| Circle No. 308 


| Mentor Graphics 
| Wilsonville, OR 

| (503) 685-7000 

| Circle No. 309 


| Microsoft Corp 

| Redmond, WA 

| (206) 882-8080 

| Circle No. 310 

| National Instruments 
| Austin, TX 

| (512) 794-5662 

| Circle No. 311 
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For free information on the productlocalization topics discussed in this article, circle the a 


you also have to consider language 
structure and cultural issues. There 
are additional problems with lan- 
guages that don’t use a Roman alpha- 
bet and that require right-to-left page 
layout. 

Some of the challenge is translating 
the jargon that US marketers create 
from bits of other words, which make 
sense only in English. One example is 
Microsoft’s use of “wizard,” which, 
when translated literally into other lan- 
guages, may convey a meaning differ- 
ent from what Microsoft wants to 
imply. 

Another basic problem is providing 
sufficient character fields for localized 
versions. For example, Microsoft’s Ger- 
man translation of “undo” becomes 
“Rickgangig,” and “preferences” be- 
comes “Bildschirmeinstellungen,” both 
too long to fit in the fields required for 
the US version. 

Also, localization extends to pack- 
aging where color plays an important 
part. In some countries, purple has 
strong deathly connotations—clearly 
unsuitable for a “new-version” ban- 
ner. 

Hopper explains that word order 
poses further problems because soft- 


FOR FREE INFORMATION... 


Racal-Redac Systems 
Tewksbury, UK 


(684) 294161 


Circle No. 312 


RR Donnelley Information Services 
Amsterdam, Holland 


(20) 5114-689 
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Steam Radio Co 
London, UK 

(71) 267-2561 
Circle No. 314 


Trantex 

Helsinki, Finland 

(0) 452-3500 

Circle No. 315 
WordWork 
Gothenburg, Sweden 


(31) 774-1644 
Circle No. 316 


For more information on the soft 
ware-localization products avail- 
able from all of the vendors listed 
in this box, you need only circle 
one number on the postage-paid 
reader service card. 


ware constructs expressions by 
pulling words from areas of code. A 
word order in English commonly 
doesn’t track into a local language. For 
example, the word order in the string 
“Place disk 1 into drive A,” which typ- 
ically uses 4 bits of text, is incorrect in 
other languages. 

Similar errors arise when using a fill- 
in algorithm with time and date infor- 
mation. In some countries, Monday, not 
Sunday, is the first day of week, and 
date format expects a year to be read 
first. In addition, some languages use a 
colon, a period, or a space as a charac- 
ter separator. Overcoming these prob- 
lems requires small changes to the 
structure of the software as well as to 
the translation of text. 

Hopper says an overall objective for 
those software developers anticipating 
localization should be to confine infor- 
mation for translation in a dynamic- 
link library (DLL). Then, when the 
software composes a string, it calls on 
the DLL, which returns the text. In an 
ideal situation, that arrangement 
means that localization needs access 
only to the DLL, minimizing the 
chance of interference with the soft- 
ware’s fundamental operation. Hop- 
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ome ICs Simplify Instrumentation 
and Scanning Applications 
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Photodiode Responsivity (A/W) 


OPT202, OPT209, and OPT301 are low cost, photodiode/amplifier ICs for instrumentation, scanning, 
and sensing applications. All share common features: the large, sensitive photodiode; a 1MQ 
feedback resistor; high responsivity, 0.45A/W; low dark errors; and a wide +2.25 to +18V supply 
range. OPT209 provides excellent performance for general purpose applications. OPT202’s bandwidth 
is 50kHz—ideal for pulsed-light applications such as barcode scanners. OPT202 and OPT209 are 
packaged in 8-pin clear plastic DIPs. OPT301 provides improved ultraviolet response—an excellent 
choice for spectrophotometers and fluorescence detectors—and it’s packaged in a hermetic TO-99. 


CIRCLE NO. 159 


“Power Miser” 
Instrumentation Amp 
Consumes Only 350pA 


INA118 is a precision instrumentation amp ideal 
for battery powered systems and other low 
power applications. It’s a power miser—operates 
with power supplies as low as +1.35V, or single 
supply operation to 2.7V. Quiescent current is 
only 350pA. Ideal for portable instruments, 
thermocouple amplification, medical instrumen- 
tation, and general purpose data acquisition 
designs—available in 8-pin DIP, SO-8 surface 


mount, and dice. CIRCLE NO. 160 


Low Cost Isolation 
Amp for Motor Control 
Applications 


1$0130 is a high isolation-mode rejection, 
isolation amplifier suited for motor control 
applications. It’s easy to use—no external com- 
ponents are needed. Key specifications are: 
10kV/us isolation—mode rejection, 85kHz large 
signal bandwidth, 4.6yV/°C Vos drift, and 
single supply operation. 1S0130 is available in a 
space-saving 8-pin plastic DIP and plastic 
gull-wing surface mount packages. 
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New Applications 
Handbook 


This 425+ page handbook 
contains useful applications 
information for many of our 
Successful products. Included 
are general information appli- 

cations notes such as “Op 
Amp Performance Analysis” 
along with application notes 
for specialized products as a 

dual switched integrator. An 

index helps the user find "== 
just the right idea to solve an application 


problem. For a FREE copy, contact your local sales 
representative. 
ores , 163 _ __ 


20-BIT AO F FOR 
PHOTO SENSORS 


New 20-Bit A/D for Photosensors 


DDC101 is a 20-bit, current input A/D converter designed for 
direct connection to photodiodes and other low level current 
output devices. It replaces an amplifier circuit, programmable- 
gain amplifier, and high resolution A/D converter—all 
on a single, monolithic chip. It’s ideal for many precision 
instrumentation and process control applications including 
direct photosensor digitization, medical and chemical 
analyzers, and infrared pyrometry. Key specifications are: 
20-bit resolution; 1.69pm rms noise; up to 15kHz conversion 
rate, 2.5ppm of FSR, accuracy at low level; and 170mW power 


dissipation. CIRCLE NO. 164 


Need Fast Product Info? 
: FAK GOs? 741 “3895 


SCSI Termination Chip with Power-Down Mode 


REG5601 is an 18-line active terminator for SCSI-2 circuitry. On-chip resistors and 2.9V regulator provide the prescribed 110Q termination for low power dissipation and 
high speed data transmission. All line connections can be disconnected from the bus with a single logic control line to reduce standby power consumption. Key specs are: 
2.9V current-limited and thermally protected regulator, power-down mode of 150A max, and output capacitance in disconnect mode of 10pF typ. Packaged in a 28-lead 
Surface mount package. 


BURR - BROWN® 


CIRCLE NO. 162 


International Subsidiary Offices: Austria (43) 1 602 63 71, France (33) 1 395 43558, Germany (49) 711 77040, Italy (39) 2 580 10504, 
Japan (81) 33 586 8141, Netherlands (31) 3465 50204, Switzerland (41) 1 7240928, United Kingdom (44) 923 233837. 
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per says one alternative is for localiz- 
ers to edit tokens, or resource 
libraries. But that alternative means 
that they have to retest the product 
for basic functionality. 

With a wealth of localizing experi- 
ence, Microsoft developers anticipate 
many difficulties when designing a 
base product in English. Despite this 
experience, Microsoft often develops 
localized versions in parallel with the 
base product to highlight problems 
early. Following this strategy, the com- 
pany routinely launches seven localized 
versions of products such as MS-Win- 
dows simultaneously with the US base 
version. 

One problem Microsoft has identified 
is a need to maintain consistency in 
translation across a variety of products 
and revisions. For MS-Windows devel- 
opers, Microsoft publishes a GUI guide 
(Ref 1) that offers localization guide- 
lines for the main components of 
Windows and includes a glossary in 14 
languages. 


Japanese is high priority 

National Instruments offers a Japan- 
ese-localized version of its Macintosh 
LabView instrumentation-software 
system. The company has limited local- 
ization of Lab View to translation of the 
dialog box and menu bars. This work 
involved introducing double-byte char- 
acters and localizing displayed text in 
kanji characters on LabView. 

According to Paul Austin, software 
engineer with National Instruments, 
you need to decide at the outset of a 
design which level of software localiza- 


| Despite obvious marketing attractions, it’s likely that engineering-software vendors | 
| will remain circumspect about localizing their products. Vendors report that Japan- | 
| ese users are the ones crying out for a localized version. Some vendors have already | 
| responded to that call, and others will feel compelled to follow. : 
| As developers initiate designs and as support for unicode increases, companies | 
| will find it easier to lay foundations for future localizing opportunities. 


tion you want to reach. At a basic level, 
translation of dialog boxes and menu 
bars on a user interface is straightfor- 
ward using readily available stand- 
alone tools. 

A second level is to process local- 
ized data to provide data entry, to 
Save program or configuration set- 
tings, or to operate a search facility. 
At this level, you need to employ sys- 
tem functions for Windows and the 
Macintosh. For example, system func- 
tions for sorting strings can depend 
on your locale. Using these functions 
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makes much of the localizing effort 
transparent. 

At the final level, Austin says, there’s 
a difference in complexity between 
writing an application to be localized in 
just one language and one you expect to 
localize in several versions. Austin’s 
general advice is to be not too ambitious 
in constructing long sentences. There 
are simply too many variations in sen- 
tence construction in different lan- 
guages to expect to rebuild accurate 
lengthy text strings. 

Racal-Redac Systems also offers a 
Japanese-localized product. The com- 
pany has recently applied Japanese 
localization to the pe-board, multichip- 
module, and postprocessor tools in the 
company’s Expert workstation elec- 
tronic-design-automation suite. Dun- 
can Hooper, senior development man- 
ager for CAD/CAM tools, says the 
company limited localization to warn- 
ing and error messages and to input and 
output of design text. He says that, 
although system users can handle an 
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English GUI, they must be able to read 
warning and error messages that signi- 
fy unusual events. In addition, shop- 
floor operators have to be able to read 
manufacturing documents that the 
tools generate. 

To generate documents in the 
Expert system, you have to type 
Japanese text, and the system must be 
able to plot out that information. 
Building in the facility to plot out 
Japanese characters proved to be a sig- 
nificant task. The characters require a 
vector font that can be stroke-drawn 
with a photographic or pen-plotting 
device, rather than simply referenced 
to a standard bit-map font, as with nor- 
mal text output. 

Hooper says a “locale” facility in 
Unix utility X11.R5 was instrumental 
in enabling Racal to produce a local- 
ized version. This facility aids the 
assembly of message catalogs of trans- 
latable text and handles multibyte 
characters for Japanese. The company 
assembled the message catalogs in its 
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UK plant and carried out the transla- 
tion at its Japanese office. EDN 
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couldn't be easier. The off-the-shelf tools 
and support of the PC architecture will 
allow you to get your designs out more 
quickly, and differentiate them with famil- 
iar interfaces like DOS and Windows* 

Call us at +44 (0) 793 431155 and 
request literature packet USEMO2 to get 
more information about the embedded 
Intel386 EX processor. Or contact your 
distributor to receive Intel386 EX processor 
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Intel386 SX and DX processors. 

Move into an embedded Intel386 EX 
processor. Because when you want a 
solution that’s optimized for embedded, 
nobody else is even in the neighborhood. 
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Distributed POWER 


High Density Power Components... 
The Logical Solution For Digital Systems 


With operating voltages trending lower, contemporary Concerned about reliability? These babies have impeccable 

electronic systems can gobble up lots of current. And at genetics. After all, they’re the newest members of the VI-200 
today’s higher currents, old-fashioned bulk power distribution family...a family whose field longevity has been proven in an 

schemes only give you more of what you don’t need...losses, installed base of over 1.5 million units. 

weight, cost and field failures...noise and signal interfacing 

problems...wasted space. Tired of using the bus? If you’d like to bring a better solution 


on-board, call Vicor. 


High Efficiency * High Density ¢ Higher Current 


The VI-200 family of DC-DC converters lets you put power 
where you need it...right at the load. And now we’re delivering 
up to 33% more power...40 Amps...at 5.0, 3.3 and 2.0 Volts. 
We're also delivering unmatched levels of efficiency, for the 
same price and in the compact package that’s the standard for 
the industry. 


Component Solutions For Your Power System yy YICOR 


Vicor Corporation « 23 Frontage Rd., Andover, MA. 01810 USA « TEL: (508) 470-2900 * FAX: (508) 475-6715 1h 
Vicor GmbH « Tel: +49-89-329-2763 « Fax: +49-89-329-2767 * Vicor Far East « Tel: +886-2-9188240 Fax: +886-2-9132982 
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high-performance and low-voltage opera- ~ Low voltage (3V to 15V) and low power 
tion in the tiniest possible packaging operation (500pA supply current) ~ Low 
(SOT23-5) ~ Provides maximum dynamic offset of 3mV ~ 1MHz GBW @ 3V ~ 
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You're choosing a Motorola® 
683XX for its high degree of 
integration, superior real-time 
performance and low cost. 


Choose 0S-9° system software 
for the same reasons. 


The OS-9 Real-Time Operating System is a perfect software match for 
Motorola's 683XX family of integrated processors. Each member of the 
683XX family can be coupled with a specific, optimized OS-9 microker- 
nel assuring you matching performance. OS-9’s modular I/O system com- 
plements the I/O on your 683XX, including full support of the 68360 
Quad Integrated Communication Controller. This allows seamless inte- 
gration into any application such as telecommunications, automotive, 
consumer electronics or industrial automation. 


To get your software development up quickly and to produce the tightest 
683XX application code, Microware provides FasTrak productivity tools 
built around Ultra C. The Ultra C ANSI C compiler features modes tar- 
geting the 68000 and CPU82 cores for highly optimized applications. 
And Ultra (C’s ability to link prior to optimization introduces true global 
and interprocedural optimization into your code. 


OS-9 also offers cost-effective software licensing with no per-project 
development fees. And OS-9’s modularity lets you ship only the software 
you need for your product. 


Get the real-time operating system that matches your 683XX. Get OS-9. 
Call 1-800-475-9000 today for more information. 


—mnéroware— ()S-9 makes it simple. 


Microware Systems Corporation ¢ 1900 N.W. 114th Street ¢ Des Moines, lowa 50325-7077 © Phone: (515) 224-1929 e Fax: (515) 224-1352 © Internet: info@microware.com 
Microware and OS-9 are registered trademarks of Microware Systems Corporation. Ultra C and FasTrak are trademarks of Microware. Motorola and () are registered trademarks of Motorola, Inc. 
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Embedding a PC 
often involves 
embedding the most 
popular desktop 
operating system. 


EDN-TECHNOLOGY UPDATE 


Desktop DOS goes 
undercover to run 
embedded systems 


DAVID SHEAR, Technical Editor 


The PC architecture is continuing its migra- 
tion to embedded systems. There are many 
reasons for this migration—as well as some 
problems this trend has met along the way 
(Ref 1). But cost still tops the list of forces 
causing a desktop machine’s conversion to 
an embedded system. 

_ The price-performance ratio of embed- 
dable versions of PCs is very attractive. The 
reduced learning time resulting from using 
a familiar architecture also tends to lower 
development cost. You can derive additional 
savings from the low cost of high-quality 
tools available in the PC world. 

But making a PC work in an embedded 
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i 1—This simplified block diagram shows the layers of the PC's software architecture as well as 


environment involves more than just 
shrinking the hardware. You also need to 
get your software to run in a system that 
lacks some of a desktop machine’s key 
components. Many embedded PCs don’t 
have a keyboard, a display, or even a disk 
drive. They also may not have serial inter- 
faces or a parallel printer port. In fact, 
without the schematics, it may be impossi- 
ble to tell that it’s a PC. 

The embedded PC often runs some ver- 
sion of DOS. Three main players in embed- 
ded DOS include Microsoft with MS-DOS 
ROM, Datalight with ROM-DOS, and Gener- 
al Software with Embedded DOS. Other 


WINDOWS APPLICATION 
RUNNING ON TOP OF DOS 
MULTITASKING APPLICATION 
RUNNING ON TOP OF DOS | 


| 
i 
| 
| 
I 
APPLICATION USING MANY 
| DOS SERVICES SUCH AS 
PROGRAM LOADING AND 


FILE MANAGEMENT 


APPLICATION USING THE 
THE PC BIOS; RECOMMENDED TO 
ISOLATE SOFTWARE FROM 
HARDWARE CHANGES; ALLOW THE 
BIOS TO MAINTAIN A CONSISTENT 

SOFTWARE INTERFACE 


APPLICATION USING ONLY | 
>| LOW-COST PC ARCHITECTURE 
| (POSSIBLY USING OTHER OS) 


EDN August 4, 1994 = 43 


EDN-TECHNOLOGY UPDATE 


EMBEDDED DOS 


versions of “embedded” DOS are 
Microsoft’s MS-DOS, IBM’s PC-DOS, 
or Novell’s DR-DOS. You can surround 
these desktop operating systems (OSs) 
with tools that ease their implementa- 
tion in embedded systems. 

A DOS-based system provides many 
services for embedded systems. You 
can opt for whichever services suit your 
application. The left side of Fig 1 shows 
a simplified block diagram depicting 
the layers of DOS. To the right of the 
dashed line are the applications that 
use the corresponding PC architecture 
or DOS layer. 

One of the most commonly used ser- 
vices is for DOS simply to load a pro- 
gram and then get out of the way, which 
is not an unreasonable use of the oper- 
ating system. Standard PC-based tools 
used to develop programs assume DOS 
is present. DOS provides system initial- 
ization functions; thus, without DOS, 
the program must initialize the system 
on its own. 

The file-management system is 
another DOS service frequently used in 
embedded systems. If you need a file- 
management system, you certainly 
could create your own. But why? The 
DOS file system is adequate for most 
needs, and creating a file-management 
system is deceptively complex. 

DOS does not directly supply 
debugging services, but they are 
available via DOS; for example, you 
can use Borland’s turbo debugger in 
remote mode. Your PC becomes the 
keyboard, display, and disks for the 
embedded system. You can debug your 
code as if the target had this essential 
human interface. 

Other DOS services are useful in 
embedded systems. Console I/O and 
keyboard services can provide a simple 
user interface. Parallel- and serial-port 
services can help move data around. 
Embedded systems often need a time- 
of-day clock (often battery-backed). 
Memory-management services within 
DOS can also be beneficial. Beyond the 
standard services DOS offers, you can 
add support for networks, special-pur- 
pose boards, and graphical user inter- 
faces (GUI). 

DOS does have some disadvantages, 
specifically that it was never intended 
for use in embedded systems. But don’t 
underestimate the ingenuity of your 
peers. It is amazing what DOS has 
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become. One of the biggest obstacles in 
using DOS in embedded systems is to 
get it to run without a disk. Running a 
disk-based OS without a disk requires 
that the operating system be tricked 
into thinking that memory is a disk. 
DOS interprets these solid-state ver- 


_ sions of disk drives to be disks. Once the 


memory assumes the role of a disk, 
DOS works without change. The mem- 
ory DOS uses can be RAM, EPROM, or 
flash ROM, on a board or ina PCMCIA 
device. 

DOS requires memory to run. If your 
application is severely memory-limited, 
you may not want valuable resources 
consumed by something that may pro- 
vide only a few services. 

To drain memory resources even 
further, a DOS-based system often 
duplicates your application. It resides 
on the disk and, when running, 
resides in RAM. In a diskless system, 
you need to place your “file” in memo- 
ry and then have DOS load it into 
RAM to run. While the application is 
running, two versions of the applica- 
tion exist. Execute-in-place options 
exist in versions of DOS intended for 
embedded use. 

DOS is large, but with a few tricks 
you can make it smaller. For example, 
if you don’t need the rather large 
COMMAND.COM file, replace it with 


your application. Then, when the sys- 
tem boots, instead of loading some- 
thing you don’t need, it loads just your 
program. 

DOS has always been a single- 
threaded OS. Therefore, its developers 
had no reason to create reentrant ser- 
vices. (A reentrant service is one that 
more than one task can use at the same 
time.) For example, if one task is using 
a service when a higher priority task 
interrupts it, the service remains avail- 
able to the higher priority task. Once 
the higher priority task finishes with 
the service, the service then reenters 
and completes without data loss. Many 
embedded systems require reentrant 
services, and reentrant versions of DOS 
are available. 

DOS-based systems can also work 
with real-time systems. DOS itself can- 
not control your system until your 
application requests a DOS service. For 
quick-response needs, you can use the 
interrupts on the X86 processor. 

The only ongoing activity in a DOS- 
based system is the timer tick, which 
occurs 18 times/sec. But it doesn’t add 
significant time to interrupt response. 
Even so, you can disable it because it’s 
needed only for clock and floppy-disk 
support. Even if you require floppy ser- 
vices, you can still turn it on when you 
need to access the disk. 


FOR FREE INFORMATION... 


For free information on the embeddable DOSs discussed in this article, circle the appropriate 
numbers on the postage-paid Information Retrieval Service card or use EDN’s Express Request 
service. When you contact any of the following manufacturers directly, please let them know 


you read about their product in EDN. 


Annabooks 
San Diego, CA 
(619) 673-0870 
Circle No. 301 


Datalight Inc 
Arlington, WA 
(206) 435-8086 
Circle No. 302 


General Software Inc 
Redmond, WA 

(206) 391-4285 

Circle No. 303 


Microsoft Inc 
Redmond, WA 
(800) 325-1233 
Circle No. 304 


VOTE... 


Please also use the Information Re- 
trieval Service card to rate this article 
(circle one): 


High Interest 598 


Medium Interest 599 
Low Interest 600 


Super Circle Number 
For more information on the embed-. 
ded-DOS products available from all 
of the vendors listed in this box, you 
need circle only one number on the 
postage-paid reader-service card. 


Circle No. 305 


r Tools 


Highlight 
critical paths 
across windows 


QUICK LOGIC 


Notepad BOOLGCNT.QEQ 


ato) ¢e /id * Japa] 
+ id * aay 
qjij] s= fld * Capt] c+: apay) 
+ Ind * apt] 
q{2] s= /id = (ap?) <* 
* ii * af2] 
gta ‘a AVA we FAP tae FAT RT @ HEAT we WETS 
alt Ld stad LL WILDG Al oheet tatt 


> (qf a] * qf1})) 


ere: Co eee, Mees Roslin Pensthestadpnct ioeees eter esere wanes ces acc er eR teat 


QuickBoolean 
entry 
embedded in : 
schematic i) lees 
symbol * 


Simulation results 
dynamically displayed 
on schematic 


The fastest time-to-market is attained when designers use 
productivity Power Tools for QuickLogic's WildCat™ Series — 
the world's fastest FPGAS. 


QuickLogic toolkit owners find instant productivity with the 
intuitive interfaces of both our Windows and Sun packages. 
These tools feature 100% automatic place and route using 
advanced timing-driven placement that eliminates time- 
consuming intervention with hand tools. 


Great Power Tools Drive Great FPGAs 


Our pASIC® family's low cost WildCat Series provides a wealth of 
interconnect resources for an environment where design iterations 
have no effect on pin-out and minimal effect on timing. Even the 
use of all I/O and flip-flops will consume only 5% of the available 
interconnect. And your designs will always route, even with all 
pads fixed. 


At the heart of QuickLogic's software is a tool called SpDE™ 
(Speedy), and it lives up to its name by running IK usable-gate 
designs in under 2.5 minutes. And our toolkit also includes a 
powerful Technology Mapper, which improves any synthesized 
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result, including VHDL and Verilog, with up to 60% reduction 
in silicon and a performance increase of 25%. 


If you need more convincing that QuickLogic delivers 
a superior time-to-market design solution, just fax 

us your business card. Be one of the first 100 faxes 
and receive a FREE Evaluation Kit, complete with 
all the tools you need to enter, simulate and analyze your design. 


To learn more about our Power Tools, fax us at 408-987-2012 or 
call 1-800-842-FPGA (3742) for a QUICK response. 
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EMBEDDED DOS 


The importance of being compati- 
ble with MS- or PC-DOS depends on 
your application. If you are using 
DOS only to load an application pro- 
gram or for debugging purposes, 
then compatibility requirements are 
somewhat soft. On the other hand, if 
you wish to add networking services, 
a GUI, and other services, you may 
find total compatibility with MS- or 
PC-DOS a requirement. 

Another annoyance for the embed- 
ded-system developer is that DOS isn’t 
deft at handling errors. When an error 
occurs, a message appears on the con- 
sole, and the user must respond via the 
keyboard. This approach can be some- 
what of a problem when the embedded 
system does not have a console or key- 
board, or when you don’t want error 
messages to bother the user. 


To work around this, you have to write » 


your own error-handling routines, which 
isn’t too difficult. To check if everything 
is OK, you can use the libraries that come 
with most compilers to query a device 
before you try to use it. 

In many cases, the system can’t get 
beyond keyboard testing. Most BIOSs 
will check for the keyboard and, when 
not found, ask the operator to press a 
key to continue. Thus, a system without 
a keyboard hangs forever. A BIOS for 
embedded use allows you to start the 
system without a keyboard. 

Another drawback of DOS is that it’s 
rather slow. Using DOS or the BIOS for 
console I/O, COM-port, and LPT-port 
operations is not the fastest way to 
move data. To optimize a system for 
speed, programmers must use these 
ports directly. This option takes you to 
a dangerously low layer by interfacing 
to the hardware directly. Any change to 
the hardware requires changes to your 
application code. 

But also realize that, although DOS 
is slow, the speed of the X86 family of 
m Ps continues to rise. The price of 
386 (and above) m Ps has decreased to 
the point that simply getting a faster 
m P is a real solution to the fact that 
DOS has not been tuned for maximum 
performance—and it’s cheaper in the 
long run than writing your own opti- 
mized code. 

Many of the problems associated with 
using DOS in embedded systems have 
been addressed with DOS versions that 
suit embedded systems. Microsoft, 
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Datalight, and General Software have 
versions of DOS that meet a variety of 
embedded needs. 

Microsoft offers MS-DOS in a form 
that executes from ROM. These ver- 
sions are available in developer’s kits 
that include source code for some files 
So you can customize the OS. Versions 
3.22, 3.31, and 5.0 are available in ROM 
versions. The most popular is Version 
5.0, which requires 62 to 115 kbytes of 
ROM but consumes only about 17 
kbytes of RAM. 

The ROM versions of MS-DOS are 
equivalent to the disk-based desktop 
versions. The ROM versions, however, 
run out of PROM and treat PROM as a 
physical drive to eliminate the need for 
disk drives. The developer’s kit allows 
you to build a PROM image that you can 
place in EPROM or flash ROM. 

MS-DOS is available from either 
Annabooks (in low volume) or Micro- 
soft (in high volume). Annabooks also 
sells the MS-DOS Software Developer’s 
Kit for Version 3.xx for $595 and Ver- 
sion 5.0 for $695. Each kit includes 10 
licenses. 

Microsoft sells only to large-volume 
accounts. Version 6.22, fully loaded, 
costs $28/license (10,000). It costs less 
if you don’t need all of the functions. 
Older versions also cost less. 

Datalight’s ROM-DOS is compatible 
with MS-DOS but, from the start, was 
developed for embedded PROM-based 
applications. It can boot from either 
PROM or disk and takes less memory 
than MS-DOS. (It also costs less.) ROM- 
DOS 6 has a 45-kbyte kernel and a 27- 
kbyte command processor. The mini- 
mum system takes up 45 kbytes of 
PROM and 5 kbytes of RAM. To reduce 
memory requirements further, ROM- 
DOS works with a royalty-free mini- 
BIOS that uses just 3 kbytes. It pro- 
vides only the BIOS services required 
by ROM-DOS. ROM-DOS also has a 
miniature version of the command 
processor, which takes only 4 kbytes. 

Another of ROM-DOS’ memory- 
Saving options is to create RXE files 
for programs. RXE files are exe- 
cutable files that can run from PROM. 
Thus, you avoid duplicating the appli- 
cation. But, for most systems, running 
from PROM is slower than running 
from RAM. When you build ROM- 
DOS, you can choose where to run 
your application. 


To use ROM-DOS, your hardware 
needs to be based on an 80x86 m P and 
have RAM and PROM. You can config- 
ure ROM-DOS to virtually any hard- 
ware within these limitations, even if 
your BIOS is not 100% PC-compatible. 
Device drivers making BIOS calls 
handle all hardware communications. 
Source code that’s also provided lets 
you modify these drivers to fit your 
target. 

ROM-DOS has been tested with 
many of the popular DOS applications 
to verify compatibility. Datalight 
offers a free demo copy of ROM-DOS 
so that you can see if it runs with your 
application. 

ROM-DOS is configurable via a build 
utility; build, a menu-based utility that 
walks you through the process, auto- 
matically configures ROM-DOS for 
PROM or disk. 

ROM-DOS includes a number of util- 
ities, such as remote serial-disk access, 
which allows a diskless system to access 
a disk on a desktop machine through a 
serial port and optional Stacker data 
compression. 

ROM-DOS 6.2 costs $495 for the soft- 
ware developer’s kit. It includes all of 
the development software, Stacker 3.0, 
a certificate for 20 licenses, and docu- 
mentation. Additional licenses cost 
from $25 (for one) and $5 (10,000). 
ROM-DOS with Stacker costs $40 (for 
one) and $8 (10,000). 

Embedded DOS from General Soft- 
ware goes beyond DOS compatibility; 
it’s actually a real-time, multitasking 
OS compatible with MS-DOS 3.31. Like 
other embedded DOSs, it is bootable 
from PROM or disk. But this version of 
DOS is built on a preemptive multitask- 
ing kernel. It includes 48 services 
callable from C or assembly language 
and supports threads, timers, sema- 
phores, and other services. 

The file-management services are 
reentrant. File sharing and record lock- 
ing are built-in. It supports DOS inter- 
rupts 21h through 29h, 2eh, and 2fh and 
runs .COM and .EXE programs gener- 
ated with standard MS-DOS develop- 
ment tools. You choose various configu- 
ration options to create a desired 
system. A typical system requires a 
minimum of 128 kbytes of memory. 

Embedded BIOS, a companion 
product that provides BIOS functions, 
is also reentrant. With it, you can fit 


From PBX circuitry to 
advanced fault tolerance, 
VMEmodules are the 
talk of the telecommunications 
industry. 


| Motorola VMEmodules are 

: an automatic choice 

| to streamline a wide range of 
manufacturing 

control applications. 


process the commands 
that make aircraft 
simulators fly. 


Motorola VMEmodules 
are helping 

make high-tech, high-quality 

medical imaging picture perfect. 


Motorola VMEmodules y 5 
Va 


Our VMEmodules are 
used in electronic prepress 
to keep it fast, 
cost-effective, and letter-perfect. 


What Would You Like Your 
Board To Be Today? 


The MotorolaVME family of | And that’s just one module. 


products are incredibly ver- 
satile. In fact, one of our 

VMEmodiules can fulfill an 
array of functions, yet it fills 


only one VME slot. VMEmod- | 


ules give you more functionality 
per square inch, and more 
functions per module. For less 
overall cost than modules you 
could build yourself. 


We Work For You. 


Typical VMEmodule™func- 
tions include a basic compute 
engine, network interface, mass 
storage interface, parallel port 


interface, serial device interface, 


VMEbus interface, non-volatile 
data storage, and various timers. 


We want to be your 
. VME partners, and offer 
y you exacting standards, 
fast turn-around times, and 


awide range of options. The 


options you choose will be deliv- 
ered to you in modules that 
snap onto your board or VME 
backplane. These modules are 
compatible with thousands of 
ready-to-use software pro- 
grams. Start with the functions 
you need now, and add mod- 
ules as needed later. 


How Much Is Quality 
Worth? 


When you buy your VME- 
modules from Motorola, you 


© Copyright 1994 Motorola, Inc. Motorola and the Motorola logo are registered trademarks of Motorola, Inc. “Because The Game Has Changed” and 
VMEmodule are trademarks of Motorola, Inc. All other products mentioned are trademarks or registered trademarks of their respective holders. 


Australia France Italy 
61-2-906-3855 33-1-4674-3560 39-2-8220-239 
Belgium Germany Japan 
32-2-718-5582 49-40-236204-0 81-3-3280-8461 
China (PRC) Hong Kon Korea 


86-1-843-8237 852-966-3210 


82-2-720-0653 


Netherlands Taiwan 
31-30-870857 886-2-717-7089 


Scandinavia United Kingdom 
46-8-734-8800 44-628-39121 
Spain 

34-1-329-0461 
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know youre buying quality, but 
youll be surprised how attord- 
able quality can be. We test our 
modules to exacting tolerances, 
and we back our boards with 
the industry’ first Five-Year 
Warranty. Give us a call and let 
us know what you need your 
VME board to be today We'll 
show you Why jggaiieasieam 
ours will be a 
better value, 
day in and day out. 


Motorola VMEmodules give you more 
functionality per square inch, 
and are compatible with thousands 
of software programs. 


For More Information Contact Your 
Local Motorola Sales Office. 
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EMBEDDED DOS 


both Embedded BIOS and Embedded 
DOS into a single 64-kbyte PROM. 
Embedded DOS costs $2500 for a full 
source kit and $995 for a partial 
source kit. Single licenses cost $10 ($4 
for 10,000). 

It’s not necessary to use a special 
ROM version of DOS to use it in embed- 
ded systems. You can place any disk 
files into PROM. A number of tools are 
available for this task. Most PC-based 
single-board-computer manufacturers 
have such tools for their products. 

An example of such a tool is PromKit 
($179) from Annabooks. PromKit is a 
set of programs that allows you to cre- 
ate PROM-based systems. Any file on a 
disk can be converted into a file resid- 
ing within PROM. You can load OSs, 
applications, data files, and libraries 
into PROM. 

This approach to embedding a PC 
allows you to develop your system on a 
disk-based desktop PC. Once the appli- 
cation is working properly, you transfer 
it to a diskless version without code 
modification. Your application program 


then loads from PROM just as it loaded 
from a disk. 

PromKit includes a control program, 
located at an address, that allows the 
ROM-scan feature of XT- and AT-type 
machines to operate. This feature 
checks certain memory locations dur- 
ing the boot sequence; if it finds the 
appropriate pattern, the boot sequence 
installs the program. PromKit provides 
an extension to the normal floppy-disk 
driver, allowing PROM to replace the 
physical disk drive. 

If you use DOS simply for loading a 
program, consider not using it at all. A 
package like C_thru_ROM ($495) from 
Datalight is a royalty-free product that 
allows you to take a program developed 
on the PC and transform it into a stand- 
alone application. The output of most 
DOS-based tools expects that DOS will 
be there to set up the system and allow 
the program to run. Without DOS, your 
application must initialize the system 
itself. These tools provide initialization 
and other services to let you place your 
program into PROM. 


The ongoing flood of consumer prod- 
ucts from the PC world continues to 
attract attention from embedded-sys- 
tem developers. It’s difficult to ignore 
low-cost, high-quality tools—and the 
hardware’s tremendous bang for the 
buck. As more people consider the PC 
for embedded systems, it will only get 
easier to use these products. EDN 
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You can reach Technical Editor David 
Shear at (503) 754- 9310; fax (503) 758- 
9242. 
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novative DSP syste 


100 * Fax: 201-767-3994 * BBS: 201-767-8733 


With TI and 1394, 
a single, real-time 
I/O is close at hand. 


An unprecedented universal I/O solution 
connects portables, desktops, peripher- 
als and consumer devices as never 
before. It’s the proposed IKEE 1394 
High-Performance Serial Bus. And it 
offers real-time data transfer for multi- 
media capabilities via low-cost interface. 
In fact, Byte magazine named 1394 “the 
most significant new technology” of the 
fall COMDEX ’93 show. 


Now available, the first fully 
compliant 1394 chipset from TI. 
We're providing breakthrough silicon in 
this emerging interface standard. And 
we are the first to offer a physical-layer 
chip (TSB11C01) and a link-layer chip 
(TSB12C01). Combined, they give you 
a full-chipset solution. 


1394 Serial Bus Features 


e Real-time data transfer for video and 
audio applications 


¢ 100 Mbits/s data rates today; 200 and 
400 Mbits/s in future 


« Live insertion and “plug and play” ability 
¢ Branch and daisy-chain support 
¢ No need for active termination 
¢ Allows for bandwidth allocation 
¢ Single connector for all applications 
¢ Compliant with proposed 1394 standard 


Fewer ports, faster data 
rates. This leading-edge 
technology allows you to 

ae Scliminate current I/O solutions 
such as SCSI, IDE and RS-232. With 
TI’s complete 1394 chipset, you have 
the capability of designing in one com- 
mon interface for all applications, such 
as HDD and CD-ROM, digital cameras 
and printers. 


Inventing the future: You, Texas 
Instruments and 1394. New possibili- 
ties are what the 1394 standard is 
all about. For complete information, 
simply circle the reader response 
number below. 
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- Byte-wide 16M DRAMs 
are taking off 


NEC launches high-volume production of x8 and x16 devices 


B yte-wide 16M DRAMs are just about to reach the Byte-wide 16M DRAMs have the most efficient 


cost-per-bit crossover point. They already save organizations for PC and workstation memories. 


space and equal or surpass 16M DRAM 16M DRAM Now is the time to make 
; : : 4M DRAM (x4) (x16) 
4M devices in every meaning- sure your system is ready to 


ful specification. use these advanced devices. 


Cost per bit 


w Crossover 


Now they’re becoming more And to meet your volume 


Crossover ~ 


cost-effective, too. 1994 ' 1995 and variety needs, NEC is 


For fast answers, call us at: USA Tel:1-800-366-9782.Fax:1-800-729-9288. Germany Tel:0211-650302.Fax:0211-6503490. 

The Netherlands Tel:040-445-845.Fax:040-444-580. Sweden Tel:08-753-6020.Fax:08-755-3506. France Tel:1-3067-5800.Fax:1-3946-3663. 
Spain Tel:1-504-2787.Fax:1-504-2860. |taly Tel:02-6709108.Fax:02-66981329. UK Tel:0908-691133.Fax:0908-670290. !reland Tel:01-6794200. 
Fax:01-6794081.Hong kong Tel:886-9318.Fax:886-9022. Taiwan Tel:02-719-2377.Fax:02-719-5951. Korea Tel:02-551-0450.Fax:02-551-0451. 
Singapore Tel:253-8311.Fax:250-3583. Australia Tel:03-8878012.Fax:03-8878014. Japan Tel:03-3454-1111.Fax:03-3798-6059. 


rapidly expanding production capacity. 

We offer an unbeatable variety of 16M DRAMs with 
x8 and x16 organizations. You can choose between 
3.3V and 5V devices, with access speeds ranging from 
50 to 80ns. Functions include Fast Page mode and 
Hyper Page mode (extended data output). 

All devices feature CBR Self-Refresh to reduce power 
consumption. 


For designers of PCs and workstations, it’s time to 


switch to byte-wide 16M DRAMs. NEC has the volume, 


variety and production capacity you need. 


Call us today for the latest information. And be on 
board when the byte-wide 16M DRAM movement 
takes off. 


50, 60, 70, 80 | aKs2K 
(5.0V) 4K/2K Fast Page 
60, 70, 80 Hyper Page 
33y) | AK 


NEC 
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8ns BICMOS | Megs 
from Motorola. 


Everything else is dead 
in the water. 


Motorola 0.5 micron BiCMOS SRAMs 
demonstrate a simple evolutionary principle: 
survival of the fastest. 

With 8ns access times at 1Meg densities and 
12ns at 4M, nothing else even comes close enough to 
compare — for speed aid density. 


MCMOTIEN 
Tmcucro9ar | Mensrok | MoweropR 
Gian [samen [Okabe 
a 


Looking for even more speed? How about 6ns? 
That’s the access time on our 250K BiCMOS 
Fast SRAMSs. 

Choose whichever speed-and-density combination 
is right for you. Either way, you'll get the built-in 


F ~— quality and reliability of Motorola's high 

volume, 0.5 micron manutacturing. 
Reel in the power of our BiCMOS Fast SRAMs for 
your next design, and get ready to throw everything 
else back in the water. 

To request technical information or a sample 

device, just mail in the coupon or FAX it to Motorola's 
Fast SRAM FAX line at 1-800-347-MOTO (6686). 


O256Kx4 O8ns O64Kx4 Ob6ns O10ns 

O1128Kx8 ©10ns O32K x8. O7ns O12ns 
O12ns 032Kx9° Oé8ns 

*10 & 12ns Only 


O2megx2 Ol2ns 
Olmegx4 Ol5ns 


PT epnienn | 
| Let's make some waves, Motorola. | 
Send me more on BiCMOS Fast SRAMSs today. 
| | | 
| Motorola, Inc. Fast SRAM Division, P.O. Box 1466, Austin, Texas 78767 | 
| Company | 
| Address —?7 
| a ee eens are Zip | 
Phone 
| Application —————_——————————————__— | 
| Production Start Date Estimated Usage: 1994 _____ 1995 | 
| Configuration: | 
| 4MegECL I/O | Meg TTL I/O 256K TTL 1/0 | 
| | 
| | 


If you like what’s new, wait ’til you see what's next. 


SS) MOTOROLA 


@® and Motorola are registered trademarks of Motorola, Inc. 


© 1994 Motorola, Inc. 
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‘die. This convergence resulted _ ll d 

in systems that make | igh-speed a memory / beds acces 

burst demands from their main ing system Operation. __ 
memory. Synchronous memories Rather than sit and | 
emerged to meet those demands, address lines steady, for exam- 
but you can’t treat them. like ple, the processor can initiate a 
commodity memories. second memory request before 
Synchronous memories pro- the memory device has respond- 
vide high-speed operation by ed to the first. This early initia- 
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SYNCHRONOUS MEMORIES 


tion is especially noticeable during 
write cycles. The processor doesn’t 
need to hold its output lines steady dur- 
ing the memory’s write cycle. It only 
needs to present the data at the clock 
edge, then it’s free to prepare for its 
next task while the memory completes 
the transaction. 

When synchronous memories use a 
pipeline architecture (that is, they 
have registers for output signals as 
well as input signals) they produce 
additional performance gains. In a 
pipelined device, the internal memory 
array needs only to present its data to 
an internal register to be latched 
rather than pushing the data off the 
chip to the rest of the system. Because 
the array only sees the internal delays, 
it presents data to the latch faster than 
it would if it had to drive off chip. Fur- 
ther, once the latch captures the 
array’s data, the array can start 
preparing for the next memory cycle 
while the latch drives the rest of the 
system. 

With the latches holding informa- 
tion and freeing other elements of the 
memory subsystem to prepare for the 
next access cycle, synchronous memo- 
ries shave several nanoseconds off the 
overall memory cycle time. Manufac- 
turers, therefore, can pro- 
duce synchronous memories 
that are more than 20% 
faster than asynchronous 
memories built with the 
same process. A 12-nsec 
SRAM process, for example, 
will produce 100-MHz syn- 
chronous SRAMs (SSRAMs). 

A synchronous memory 
interface can also simplify 
memory control design. 
Asynchronous memories de- 
pend on properly timed and 
shaped pulses on their con- 
trol lines. With total cycle 
times approaching 10 nsec 
(for 100-MHz systems), the 
pulse shape becomes in- 
creasingly intolerant of 
error, and therefore, harder 
to design. Synchronous mem- 
ories avoid the need for crit- 
ical pulse shapes, depending 
only on the placement of 
clock edges relative to the 
other data, often using the 
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Combining a novel interface structure with a DRAM core, the Rambus DRAM is able to achieve 
a 500-Mbyte/sec data burst rate. The Rambus interface is synchronous to a 250-MHz clock. 
(Photo courtesy of NEC) 


same clock as the rest of the system. 

Three major synchronous versions of 
traditional memory types have arisen 
over the last two years: SSRAMs, syn- 
chronous DRAMs (SDRAMs), and syn- 
chronous FIFOs. Unfortunately for 
designers, few standards for synchro- 
nous-memory operation exist, and the 
devices offered by various manufactur- 
ers often differ considerably. Even 
where standards exist, manufacturers 
have added their own enhancements to 
the standard to give their devices a 


Cache DRAMs are among the specialty synchronous memories that 
handle rising system speeds. This device from Sony works at 50 MHz 
and matches the burst demands of the 80486 processor. 


market advantage. These differences 
complicate the task of finding multiple 
sources of compatible parts. 

There are several variations of the 
SSRAM, for example, as shown in 
Table 1. Some devices, such as the 
Cypress CY7C193, provide just the 
basic elements of an SSRAM: latches 
for address and data inputs. Many other 
SSRAMs incorporate a burst-mode 
counter, allowing the processor to 
retrieve four or more consecutive words 
in rapid succession. The burst-counter 
circuitry in the memory 
device speeds system opera- 
tion by eliminating the de- 
lays associated with propa- 
gating burst-address infor- 
mation from the memory 
controller to the memory. 
The memory device thus 
begins its access cycle as 
soon as the clock edge occurs 
rather than waiting several 
nanoseconds for the address 
to arrive and stabilize. As a 
result, a burst-mode memo- 
ry in a 50-MHz system can 
function with a 13-nsec 
access time. A nonburst 
device would need a 7-nsec 
access time. 

Among the SSRAMs with 
burst counters there are 
further variations. Some 
SSRAMs, such as the NEC 
wPD431432, produce a linear 
addressing sequence (1-2-3- 
0) during the burst opera- 
tion, matching the needs of 


TABLE 1—SYNCHRONOUS SRAMS 


Clock rate Access time’ Burst | Price 
Compan Part no. Size (bits) | (MHz) Nonpipeline | mode? | (1000)° | Comments 


Cypress. CY7C193 32kx8 33 20 $3.50 

Circle No. 326 

Fujitsu MBVP036 32kx36 66 1 a Sah Available in the fourth quarter. 
Circle No. 327 MBVT036 32kx35 66 S N/A Available in the fourth quarter. 


Hitachi HM67A4257 256kx4 
Circle No. 328 HM67A4101 1Mx4 | : 
HM67B1864 64kx 18 Burst mode is a mask option. 
HM67B3632 32kxX 36 Burst mode is a mask option. 
IDT IDT71V432 32kxX32 
Circle No. 329 IDT71420 32kx 18 
IDT71419 32kx18 
Micron MT58LC32K36B2 
Circle No. 330 MT58LC32K32B2 
MT58LC64K18B2 
MT58LC32K36C4 
MT58LC32K32C4 
MT58LC64K18C4 
Motorola MCM62973A 
Circle No. 332. | MCM62974A Output enable 
MCM62975A Output enable, 


transparent latch. 
Dual data ports. 
Separate input and output ports. 


5+1 clock 
5+1 clock 


MCM67D709 
MCM67Q709 
MCM67Q804 
MCM62110 


Dual data ports. 


MCM62486 11 
MCM62940 11 
MCM62980 15 
MCM62981 nS Bit write. 


MCM62990A 12 
MCM67B518 
MCM67H518 
MCM67M518 
MCM67C518 
MCM67J518 
MCM67B618 
MCM67H618 
MCM67M618 
MCM67C618 
MCM67J618 


NEC 
Circle No. 333 


Paradigm 
Circle No. 334 


PDM44528 
PDM44538 
PDM44259 
PDM44659 
PDM44018 
PDM44038 
PDM44028 


KM741006 
KM718B86 
KM718B91 
KM718BV87 
KM732V588 
KM732V592 


MK62486 
M62486A 
M62486B 
M62486AR 
M62486BR 
M67B618 

M67H618 

M67C618 

M67J618 
M67P618 


Sony CXK77920 262kx9 
Circle No. 341 CXK77910 128kx9 
CXK77410 256kx4 


Toshiba TC55BS4258 256kx4 5+1 clock 
Circle No. 343 TC55BS8125 128kx8 5+1 clock 
TC55BS8128 128kx8 100 5+1 clock Separate input and output ports. 


Notes: 1. Access time for pipelined devices is in clock cycles. For nonpipeline devices access time is in nsec clock-to-data. 
2. Burst mode: |=Interleaved (Intel), L=Linear (Motorola), S=pin selectable. im Super Circle Number 
3. Price is as of April 15, 1994, or date of introduction for the fastest speed grade. | } 344 
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Pipeline mode is an option. 
Pipeline mode is an option. 
Pipeline mode is an option. 


Samsung 
Circle No. 338 


3.3V. 
3.3V. 
3.3V. 


SGS-Thomson 
Circle No. 339 


TSOP, SOu, mirror packages. 
Separate input and output ports. 


‘Separate input and output ports. 
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the PowerPC and 68040 processors. 
Others, like the NEC pPD431232, pro- 
duce an interleaved address se- 
quence (1-0-3-2) to match the Pen- 
tium and 80486 burst sequence. 
Some devices, like the Samsung 
KM4484020A, allow you to select the 
sequence. There are also pipelined and 
nonpipelined varieties. 


Pipelined devices use a latch on the 


output lines, adding a 1-clock delay or 
latency to retrieval of the first word in 
a burst read. As with the input signal 
latches, however, the output latch frees 
the circuits preceding it to begin a new 
cycle, saving time for the next access. 
Memory vendors report that the same 
process that produces a marginal (20% 
yield) 66-MHz nonpipelined SSRAM 
will easily provide a 75-MHz pipelined 
version. 

Unlike SSRAMs, SDRAMs have a 
JEDEC standard to follow. Not all of 
them follow it, however. The major dif- 
ference between standard and nonstan- 
dard SDRAMs occurs in the use of the 
RAS (row address select) line. In 


Part no. 


MB81116420 
MB81 116820 
MB81164840 
MB81141620 


HM5241605 
HM5216800 
HM5283206 


Company 


Fujitsu 
Circle No. 327 


Hitachi 
Circle No. 328 


NEC 


PD4516421G5 
Circle No. 333 


u.PD4216161G5_ 
u.PD4216821G5 


Samsung KM44S4020A 


Circle No. 338 
KM48S2020A 


TMS626402 
TMS626802 


Texas 


Instruments 
Circle No. 342 


Toshiba - TC59S1604FT 
Circle No. 343 TC59S1608FT 


Notes: . 


Size (bits) 
2x2Mx4 
2x1Mx8 
4x2Mx8 
256kx16_ 


256kx 16 
2Mx8 
256k x32 


Mitsubishi M5M4V 16407 4MxX4 100 

Circle No. 331 

4Mx4 
2Mx8 


2Mx4x2 
1IMx8x2 


4Mx4 
2Mxs8 


To fit this synchronous DRAM’s 64-Mbit 4-bank memory array along with its burst counter 
and pipeline registers into a narrow package, Fujitsu moved the device’s 1/0 pads to the 


die’s center. 


JEDEC-standard SDRAMs, RAS and 
other control signals form an operating 
code that gets sampled on the rising 
edge of the clock, then the control sig- 
nals are no longer needed. Supplying 
first a row address and then a column 
address to the SDRAM results in the 


Latency’ | Price 
(cycles)? 


Clock rate 
(MHz) 


} 


1. Latency is CAS-to-data-valid, P=programmable. 
2. Price is as of April 15, 1994, or date of introduction for fastest speed available. 


3. JEDEC standards include programmable burst length of 1, 2, or 4 words and programmable burst mode. 
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RAS signal being asserted for only one 
clock cycle, ie, the RAS signal occurs as 
a pulse. 

To mimic the operation of conven- 
tional DRAMs, however, some SDRAM 
vendors chose a level-RAS signal 
scheme. Conventional page-mode 


TABLE 2—SYNCHRONOUS DRAMSs 


Comments? | 
- Dual bank, available in the third quarter. 


Dual bank, available in the third quarter. 
Four bank, available in the fourth quarter. 
Available in the fourth quarter. — 


Full-page burst. 
Full-page burst, available 2nd quarter of 1995. 
Optimized for graphics, with block right 


| mask, also, 3.3V, available in the second 
quarter, 1995. | 


Full-page burst, 3.3V. 
| Full-page burst, 3.3V. 


Full-page burst, 3.3V. 


3.3V. 
3.3V. 
3.3V. 
3.3V. 
3.3V. 
3.3V. 


Dual bank. 


Dual bank. 


Available in the third quarter. 
Available in the third quarter. 


> Super Circle Number | 
344 ae 


DRAMs require that RAS remain 


asserted throughout a burst. The level- 
RAS mimicry allows conventional 
DRAM-controller designs to work 
with the non-J EDEC SDRAM devices. 
The controllers would not work prop- 
erly with JEDEC-standard SDRAMs. 

Experience with conventional 
DRAMs suggests that SDRAMs 
conforming to the JEDEC standard 
would be compatible. Unfortunate- 
ly, there are still architectural vari- 
ations within the standard. Some 
devices have dual internal memory 
banks, allowing them to fetch data 
from two consecutive addresses 
simultaneously, then present them 
in succession to the output buffers. 
An alternative design uses internal 
pipelining to retrieve the next data 
word from the internal array while 
the device presents the first word to 
the outside. The pipelined devices offer 
only a single array. 

The difference between the two 
architectures is transparent to the user 
during normal burst reads. If the burst 
gets interrupted, however, and memory 
access resumes at a new column 
address, the prefetch design requires a 
1-clock delay before changing column 


latency. << 
*Available in the fourth quarter 


addresses. The pipelined design can 
respond immediately. To accommodate 
both architectures, the JEDEC stan- 
dard requires that designers allow 2n 
clocks between address cycles when 
changing column addresses within the 
same row. Following this rule ensures 


wPD488130 | 2Mx8 
wPD488170 | 2Mx9 


that both architectures behave the 
same in your design, but it sacrifices 
the performance advantages of the 
pipelined memory. Table 2 summa- 
rizes the various SDRAMs available. 
In addition to the internal architec- 
tural differences, JEDEC-standard 
SDRAMs from different manufactur- 
ers offer different options. Manufactur- 


ers have added proprietary features to 
their “JEDEC-standard” devices to 
better match special applications. One 
such feature is the ability to perform a 
full-page burst length in addition to the 
standard 4-word burst. The standard 
encompasses such special features by 
reserving the control-signal codes 
that activate the added features. 
Thus, devices with and without the 
feature can meet the standard. 
Therefore, if you want to use such 
superset features, make sure all 
your SDRAM suppliers offer the 
same feature set. JEDEC compli- 
ance is no assurance that they do, 

One novel synchronous DRAM 
that doesn’t resemble the JEDEC 
standard, yet is fully standardized, 
comes from Rambus Inc and its 
licensees. The Rambus DRAM 
(RDRAM) achieves a blazing 500- 
MHz burst data-transfer rate. When 
accessed, it holds data from an entire 
column of the memory array in its sense 
amplifiers, using the amplifiers as an 
on-chip cache. The device then can pro- 
duce a data burst beginning at any 
place within the column. The data 
comes sequentially over a controlled- 
impedance bus, one data word on each 
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edge of a 250-MHz clock. Rambus has 
fully defined the memory’s operation, 
access protocols, pinout, and interchip 
bus design in order to ensure that 
RDRAMs from various manufacturers 
will be compatible. A list of RDRAM 
devices currently available appears in 
Table 3. 

Rambus also developed a memory- 
controller design to simplify RDRAM 
use in systems. That controller design 
has been available in ASIC libraries. 
Now, it is beginning to emerge in stan- 
dard products. NEC, for example, has 
incorporated the RDRAM interface in 
its memory controller for the V,,4400- 
series MIPS processor. RDRAM-com- 
patible memory controllers for PCI 
graphics chipsets are due out in late 
1994 and early 1995. Controllers for 
Pentium main memory are also in the 
works and expected by mid-1995. 

FIFOs are the third memory type 
that speed demands have driven to syn- 
chronous operation. At first glance, con- 
ventional FIFOs already seem synchro- 
nous in nature, using strobes to clock 
data in and out. However, these strobes 
use both edges, with each edge trigger- 
ing a different internal operation. Fur- 
ther, status signals such as Data Ready 
and Full are asynchronous and occur as 
soon as propagation delays allow. At 
high clock speeds, the necessary control 
signals become increasingly difficult to 
produce within tolerances. 

Asynchronous FIFOs have another 
difficulty at high speed: They suffer 
from operational problems at certain 
combinations of input and output clock 
frequencies. Flags could appear just as 
data strobes occurred, resulting in lost 
data. Worse, the flag circuitry could 
enter a metastable state if-set by one 
port’s data strobe just before being 
reset by the other port’s strobe. As a 
result, the flags lines could display 
erroneous status information. Synchro- 
nous interfaces in FIFOs, then, serve to 
boost reliability as well as speed. 

Synchronous FIFOs solve the lost- 
data problem by aligning flag signals to 
the port’s data clock and by providing 
data buffers to hold information pend- 
ing system recognition of the FIFO’s 
status. However, metastability still 
remains a possibility for flag signals. To 
solve that problem, manufacturers such 
as Texas Instruments, IDT, and Quali- 
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ty Semiconductor began double-regis- 
tering the flag signals to give a full 
clock period for a metastable flag to 
resolve itself before the FIFO presents 
that flag to the outside world. 

Such double-registered FIFOs are 
called clocked FIFOs to distinguish them 
from synchronous FIFOs with only sin- 
gle registering. The timing of their flags 
ean differ from other synchronous 
FIFOs, so you need know with which 


type you’re dealing. A summary of 
synchronous FIFOs appears in Table 4. 

Clocked FIFOs also offer first-word 
fall-through, meaning that the first 
word entered into the FIFO is available 
at the output lines at the same time that 
Data Ready goes true. Other FIFOs 
present the flag first, making data 
available only after the first Read 
clock. An awareness of this difference 
will prevent losing that first word 


Company 
IDT 
Circle No. 329 


72420/1 
72200/1 
72210/1 
72220/1 
72230/1 
72240/1 
72205 
72215 
72225 
72235 
72245 
72801 


72811 


72821 
72831 
72841 


TABLE 4—SYNCHRONOUS FIFOs 


| Clock rate |Price' 


Size (bits) (MHz) —|(1000) 


— 64x8/9 
256x8/9 
512x8/9 
1kx8/9 
2kx8/9 
4kx8/9 
256x8 
512x118 
1kx18 
2kx18 
4kx18 
2569 
512x9 
ee 
2kx9 
4kx9 


Comments 


Dual bank. 
Dual bank. 
Dual bank. 


-| Dual bank. 


Dual bank. 


256x18x2 | 
512x18x2 
512xX36x2 > 


72605 
72615 
723632. 


Bidirectional. 
Bidirectional. | 


Mitsubishi 


Circle No. 331 


Paradigm 
Circle No. 334 


Quality 


Circle No. 335 


Sharp — 
Circle No. 340 


Texas 


723641 


M66250 
M66251 
M66252 
M66253 


PDM42205 
PDM42215 
PDM42225 


| PDM42235 


PDM42245 


QS7244A 
QS723661 
QS7230HD 


LH5492 
LH540215 
LH540225 
LH5420 
LH543620 


SN74ABT361 1 


1kxX36 


5kx8 

5kx8 
1152x8 
5kx8x2 


256x18 
51218 © 
1kx18 
2kx18 
4kx18 


ako 
4kx36 . 


64kxQ | 


4kx9 
51218 
ThA" 
256 X36 x2 

TKASS 


64X36 


Be ®: 
80 
66 


Bidirectional. 


Works as FIFO or LIFO. 


Dual bank. 


Clocked. 


Clocked. 


Clocked. 


Clocked. 
Clocked. 
Clocked. 


Clocked, bidirectional. 


Clocked. 
Clocked. 


SN74ABT3612 
SN74ABT3613 
SN74ABT3614 
SN74ABT7819 
SN74ABT3632 
SN74ABT3638 
SN74ABT3641 
SN74ABT7803 
SN74ABT7805 
SN74ABT 7807 


64x32x2 
64x36 
64x36 x2 
512x18x2 
512x36x2 
512x32x2 
1kx36 
512x18 > 
25618 
2kx9 


Instruments 
Circle No. 342 


Note: 1. Price is as of April 15, 1994, or date of introduction 


for fastest speed available. 


Clocked, bidirectional. 
Clocked. 
Clocked, bidirectional. 
Clocked, bidirectional. 
Clocked, bidirectional. 
Clocked, bidirectional. 
Clocked. 
Clocked. 
Clocked. 
Clocked. 


[a> | Super Circle Number 
344 
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when reading from a clocked FIFO. 

A handful of other memory types 
with synchronous interfaces exist; all 
are designed to speed the system’s 
access to the memory array. These 
include PROMs, cache DRAMs, and 
enhanced DRAMs. As shown in Table 
5, these additional memory types are 
not widely offered. Such devices meet 
the needs of unique applications and do 
not reflect the main industry trend 
toward synchronous memories. 


Synchronous-memory cost premium 

All the variations within the main 
trend present a challenge if you’re look- 
ing for multiple supply sources. If your 
design uses the special features of some 
SDRAMs, for example, you may have 
fewer alternatives than if you’re follow- 
ing JEDEC standards. You will need to 
check carefully to see which parts are 
compatible with your application. 

The wide variation among synchro- 
nous memories also affects their cost. 
The devices serve many niche applica- 
tions rather than one large common 
application. Without the production vol- 
ume generated by a large application, 
costs for synchronous memories include 
a premium that is relative to other 
memories. That premium now sits at 20 
to 50% over the cost of a comparable 
asynchronous part and is unlikely to 
vanish completely. 


Even if vendors converge on a stan- 
dard feature set and production vol- 
umes skyrocket, synchronous memo- 
ries will still carry a cost premium. 
High-volume production was expected 
to eventually reduce the synchronous 


memory premium to 5%, but manufac- 
turers are discovering that non- 
pipelined memory devices suffer poor 
production yields in the higher speed 
grades. Further, the added die size of 
pipelined designs and the cost of test- 


TABLE 5——OTHER SYNCHRONOUS MEMORIES 


Part no. 


CY7C225A 
CY7C235A 
CY7C245A 
CY7C265 
CY7C277 
CY7C287 
CY7C25819 
CY7C249 


IDT IDT71215 

Circle No. 329 | IDT71216 
7099 
70825 
20824 


Company 


Cypress 
Circle No. 326 


Cache tag 
Cache tag 
Dual port 
Dual port 
Dual port 


Mitsubishi 
Circle No. 331 


Motorola 
Circle No. 332 


MCM62X308 Line buffer 
Line buffer 


Line buffer 


MCM62Y308 
MCM62981 


DM2223 ‘Cache DRAM 512kx8 $19.53 Burst mode. 
Circle No. 337 


Ramtron 


CXK784862Q 
CXK784862Q 


Sony 
Circle No. 341 


for highest speed grade. 


LOOKING AHEAD 


Cache SRAM | 32kx36x2 oo 
Cache SRAM | 32kx36x2 50 


Note: 1. Price is as of April 15, 1994, or date of introduction 


Clock 
rate 
(MHz) 


Price’ 
(1000) 


Size 


(bits) Comments 


16kx15 
16kx15 
4kx9 
8kx16 
4kx16 


M5M4V4169TP | Cache DRAM | 256x16 66 oe 7.50 
M5M4V16169TP | Cache DRAM 1Mx16 100 | $68.80 


Bit write. 


$121.40 
$139.60 
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Synchronous memories are presently in use in applications 
— requiring the highest performance, regardless of cost. They 
have the potential of becoming a mainstream memory, how- 
ever. Systems operating above 50 MHz become extremely 
difficult to design using asynchronous memories. 

The problem is that manufacturers developed their syn- 
chronous memories to meet the needs of specific customers, 
and then offered the memories as standard products. The 
resulting confusion of feature sets and memory types has 
_ intimidated most mainstream memory system designers and 
kept prices at a premium due to low-production volume. Main- 
stream memory designers are fairly conservative and are 
_ waiting for prices to drop and standards to emerge. 


_ Both events are likely to occur over the next one and a half. 


to two years. The factor that will force the issue is system clock 
rates. Workstation designs are already beginning to include 
synchronous memories to meet their performance needs. By 
Ne ea to most new workstations will use synchronous memory. 
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Mainstream PCs will probably follow suit two to three years 
later as entry-level PCs push the 50-MHz-clock mark. 

In the meantime, vendors are cross-licensing their syn- 
chronous memory designs and developing new standards to 
address user concerns about multiple sources. Vendors are 
also converging on a common feature set, so that the next 
generation of synchronous memories will look more homo- 
geneous than these early devices. Those activities will also 
begin to bear fruit by 1995. 

At that point, asynchronous memories may begin to fade 
away. Already Fujitsu has declared that it expects SDRAM to 
become the next commodity memory and will not be devel- 
oping another generation of asynchronous DRAM. Other 
companies, however, estimate that SDRAM will meet only 
40% of the market’s main-memory needs. Either way, the 
implication is clear: Synchronous memories will become a sta- — 
ple of the designer’s kitchen for preparing systems in the com- _ 
ing years. me 
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Now, from the innovator in it’s ready to meet your needs and conserve 
integrated switching regulators, board space. Vertical, horizontal and surface 
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the problem of integrating low good line and load regulation. Over-tempera- 
power 3.3V logic integrated circuits into ture and short circuit protection are built in. 
existing 5V systems, without redesigning If you're ready for a space-saving 
the power supply. on-board power converter that you can plug 
And, because the PT6305 Series has an right in, call Power Trends for a sample today! 
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ing high-speed parts are 
working to keep that premi- 
um high. Most manufactur- 
ers acknowledge that syn- 
chronous memories will 
carry a 20% premium for the 
foreseeable future. 

Some of those premium 
costs can be offset in the rest 
of your system by the design 
simplification that results 
from using synchronous 
memories. Instead of having 
to produce carefully shaped 
pulses without a clock refer- 
ence, controllers for syn- 
chronous memories can use 
the same clock as the CPU 
bus. Designers must still 
take care, however, because 
new timing concerns arise 
with synchronous memories. 


Synchronous interfaces 

One timing concern you 
need to be aware of is the 
setup and hold require- 
ments of the memory’s ad- & 
dress and data input lines. fT 
Many synchronous memo- 
ries, for example, need ad- 
dress and data stable 2.5 
nsec before the system 
clock. You need to be sure that the 
processor’s output signal timing 
matches the memory’s needs, or you 
may miss a cycle during memory 
access. For the same reason, pay atten- 
tion to clock skew in large blocks of 
memory to ensure that all memory 
blocks behave the same. 

Another timing concern new to syn- 
-chronous memories is a tight require- 
ment on the clock duty cycle. The 
wPD4516421 from NEC, for example, 
specifies a minimum clock high of 3.5 
nsec and a minimum clock low of 3.5 
nsec for a 100-MHz cycle time. Those 
specifications allow a +15%-duty cycle 
variation. Because most logic buffers 
have a different propagation delay for 
low-to-high transitions than for high- 
to-low ones, you’ll need to take care to 
ensure that your clock-distribution 
scheme doesn’t erode the clock’s duty 
cycle. 

If you want to use synchronous mem- 
ory, you may find that you have to 
design your own memory controller. 
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he burst counter a 
nous SRAM from Motorola exact only a small die-area penalty. Low 
demand and testing costs account for most of the cost premium such 
devices have over their asynchronous counterparts. 


oa) 


nd re 


isters on the sides 


Standard memory controllers, includ- 
ing those built into processor chip sets, 
generally assume an asynchronous 
memory. The few that do handle syn- 
chronous memories may not work with 
pipelined devices. 

Perhaps the single most limiting fac- 
tor in the use of synchronous memo- 
ries, however, is that they are designed 
for specific applications. SSRAMs, for 
instance, are designed to serve as sec- 
ondary cache memory for processors 
with built-in cache and burst inter- 
faces. Using SSRAMs in other applica- 
tions can be tricky because of the 
timing assumptions built into the 
memory. The Pentium and PowerPC 
processors, for example, need two 
clock cycles to initiate a data transfer. 
The first clock sets up the address with 
data transfer occurring on the second 
clock in a burst transfer, the third and 
subsequent clocks also transfer data. 
The SSRAM, therefore, expects to 
have two clock cycles in which to begin 
memory transfer. 


of this 1-Mbit 


If your application doesn’t 
use one of these processors 
and you need to perform a 
read-write-read sequence, 
there’s a problem. Because it 
is expecting a burst with a 
known addressing sequence, 
the SSRAM has already 
begun a second memory 
cycle before the first cycle 
finishes. That partial cycle 
gets aborted when the 
SSRAM must suddenly turn 
its data direction around. 
This interruption forces use 
of a dummy cycle to clear the 
memory’s data bus. The 
dummy cycle may occur 
either before or after a read 
cycle, depending on how you 
implement your control logic. 

With careful design, you 
can avoid most of the prob- 
lems presented by synchro- 
nous memories. On the 
positive side, synchronous 
memory interfaces simplify 
system timing by reducing 
the need to produce careful- 
ly controlled pulses. The 
interfaces also extend the 
effective speed of the memo- 
ry. The main barriers hold- 
ing synchronous memories back from 
widespread adoption are their price 
premium and the lack of standardiza- 
tion among vendors. Both concerns will 
be eliminated over the next two years. 
So, despite the problems currently 
associated with their use, synchronous 
memories represent the approach that 
high- performance systems will eventu- 
ally have to adopt. EDN 
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Precision light measurement 
without costly A/D converters. 


Now there’s a remarkably simple way 
to process a wide dynamic range of 
light levels — with the all-new TSL230 
current-to-frequency converter from 
Texas Instruments. 


A single, low-cost chip that’s 
beyond measure. TI extends your 
reach with the first opto device that 
offers you a high-resolution conver- 
sion of visible and near-infrared light 
into digital format — all on a single 
chip. Meaning you can eliminate the 
need for external op amps, A/D con- 
verters and discrete photodiodes. 


The TSL230 is a monolithic com- 
bination of a configurable photodiode 


EX TENDING 


© 1994 TI 


TSL230 Technical Specifications 


e 16-bit or 1 microsecond light- 
level measurement 


160 dB input dynamic range 
Digitally programmable sensitivity 
2.7- to 6V operation 

100 ppm/°C temperature coefficient 
0.2% nonlinearity at 100 kHz 
$2.76 each in quantities of 1,000 


Simple Microcontroller Interface 


Current- 
to-Frequency 
Converter 


YOUR 
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and a high-resolution current-to- 
frequency converter packed into one 
cost-effective, clear-plastic 8-pin DIP. 
And it interfaces directly with your 
microcontrollers. 


Its performance attributes 
shine bright. The TSL230 lets 
you reduce system cost and mini- 
mize design complexity in such 
applications as fluid opacity, light 
measurement and control, and indus- 
trial process controls. 


Want us to shed more light? 
To learn more about the TSL230, 


simply circle the reader response 
number below. 
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16-pin narrow-body DIP and SOIC 
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EDITED BY CHARLES H SMALL & ANNE WATSON SWAGER 


RC network eliminates precision reference 


Christophe Basso, European Synchrotron Radiation Facility, Grenoble, France 


The circuit in Fig 1 uses a magneto-resistive sensor to detect 
small magnet displacements without resorting to a precision 
voltage reference. A simple RC divider takes the place of the 


MAGNET 


Fig 1—Minute changes in the magnet sensor's output cause IC, to 
develop a voltage across R,. This configuration allows the circuit to 
detect small changes in sensor output without resorting to compar- 
ing the output to a precision voltage reference. 


reference, eliminating an expensive component and obviat- 
ing trimming each circuit. 

In the quiescent state, the resistive divider R,/R, forces 
comparator IC, to be in a high state. Now, if the output of op- 
amp IC, starts to diminish, the voltage on the inverting input 
of IC, stays constant because of C,. If IC,’s voltage variation 
is large enough to reverse the voltage across R, and reach the 
offset voltage of IC,, IC,’s output switches to ground. 

You can easily adjust IC,’s switching threshold by chang- 
ing the value of R,. The voltage difference across R, sets 
the circuit’s sensitivity. The bigger R, is, the smaller the 
sensitivity. 

Of course, the R,-C, time constant sets the time the com- 
parator takes to toggle back to its initial state. But, because 
of the high value of R, and R,, you can achieve long time con- 
stants. The system simply needs more time to reach its final 
state after a power-on cycle. 

If you add another comparator wired as an OR to the first 
one, plus an RC circuit connected to the 5V supply, the cir- 
cuit can also detect positive variations. (DI #1564) EDN 
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Composite amplifier improves noise 


Rea Schmid, Comlinear Corp, Fort Collins, CO 


Amplifying low-signal levels for signal processing often 
stretches a single op amp’s abilities. A composite design can 
improve the input noise for detecting extremely small signals 
and can enhance output-drive ability. Both the op amp’s noise 


NOTES: . 
TRANSFORMER=T5-1T (0.3- TO 300-MHz RANGE), MINI-CIRCUITS, BROOKLYN, NY. 
POWER-SUPPLY DECOUPLING NOT SHOWN. 


Fig 1—This composite amplifier improves noise by 3 dB for detecting small signals. 


terms and the thermal noise of the components limit the min- 
imum noise in an op-amp-based design. Furthermore, ampli- 
fier noise figures are not at their minimum for low-impedance 
sources such as 50. Using a transformer is a common tech- 


GAIN TO HERE IS 20 (26 dB) 
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nique to achieve matched input impedance for maximum 
power transfer. Fig 1 shows one example, which follows the 
transformer with a composite amplifier to achieve a lower 
input noise figure. 

Fig 1’s composite circuit provides a method of setting the 
input impedance at the noninverting input by dividing the 
8.75-kQ feedback resistor by the forward gain plus 1. The cir- 
cuit further divides this input impedance by the square of the 
turns ratio to match the source impedance. 

The 1.5-kQ resistor and 2.6-pF capacitor control the fre- 
quency response of the transformer without adding noise. 
For lower gain operation, the resistor/capacitor network in 


parallel with the 750 resistor provides compensation to sta- - 


bilize IC,. IC, inverts the signal and provides stability for the 


overall composite design. The 47-pF capacitor that splits the 
250 and 830 gain-setting resistors adds a pole for noise 
reduction and stability. Since both op amps have wide band- 
widths, the transformer limits the circuit’s bandwidth. The 
measured noise of 3.1 dB is close to the calculated value of 3 
dB and is a 3-dB improvement compared with using a single 
amplifier. 

IC, was selected on the basis of it low-voltage and current- 
noise values of 1.05 nV/Hz and 1.6 pA/Hz, respectively. IC, 
was selected because it offers stable unity gain and a large 
full-signal-power bandwidth. Adding a 2.5-kO resistor to IC, 
lowers its quiescent current. (DI #1571) EDN 
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Isolation transformer passes millihertz signals 


George Kassabian, University of California, San Diego, CA 


You can successfully use an ordinary low-cost line trans- 
former as an isolation transformer in ac circuits that require 
floating sources. However, at frequencies below 20 to 30 Hz, 
high distortion and excessive phase shifting occur. The sim- 
ple circuit in Fig 1 restores the phase and frequency 
response down into the millihertz region. Based on phase- 
response data, the low-end frequency response extends 
below 100 mHz. 

The circuit samples the current at the end of the primary 
winding and applies frequency-dependent positive feedback. 
As the frequency goes below 50 to 60 Hz, the permeability of 
the iron core. severely degrades, as does the inductance. This 
change causes a proportional increase in current at sense 
resistor R,. The circuit ac couples this error voltage and 


ADD SHORT TO DISTANCE 
COMPENSATION CIRCUITRY 


NOTES: RxC>>F, 
C=POLYSTYRENE 
OP AMP=LF356 OR ANY AMPLIFIER WITH/LOW 1/F NOISE 


injects it into the noninverting input of the op-amp driver. 
The setting of R, depends on the loop gain of the stage, 
losses in the primary winding, and the source load of the sec- 
ondary. You can excite the circuit with a low-frequency tri- 
angular or square wave and adjust R, for minimum distor- 
tion at the output. The transformer in Fig 1 is wired in series 
to obtain high initial inductance, and a nonconcentric sec- 
ondary provides for minimum capacitance between windings 
(approximately 25 pF). Isolation is rated to 2000V. Any op 
amp with fairly low 1/F noise, such as the LF356 or even 
lower noise OP-07, is suitable for this circuit. (DI #1577) 
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POWER TRANSFORMER (MAGNATEC) 
FS28-200 ((115+115)/28V CT) 


1 


Fig 1—Positive feedback allows this circuit to extend an isolation transformer’s frequency response down into the millihertz region. 
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RF TRANSFORMERS 


Over 80 off-the-shelf models... 
7- 2OOOM4HZ trom $199 


Having difficulty locating RF or pulse 
transformers with low droop, fast risetime or a 
particular impedance ratio over a specified frequency 
range?....Mini-Circuits offers a solution. 

Choose impedance ratios from 1:1 to 36:1, in 
connector, TO-, flatpack, surface-mount, or pin 
versions (plastic or metal case built to meet 
MIL-T-21038 and MIL-T-55631 requirements’). 
Coaxial connector models are offered with 50 and 75 — 
ohm impedance; BNC standard, other types on request. © 

Ultra-wideband response achieves low droop and fast 
risetime for pulse applications. Ratings up to 1000M ohms 
insulation resistance and up to 1000V dielectric voltage. For 
wide dynamic range applications involving up to 100mA 
primary current, use the T-H series. Fully detailed data 
appear in our 740-pg RF/IF Designer’s Handbook. 

Need units in a hurry?...all models are covered by our 
exclusive one-week shipment guarantee. 
Only from Mini-Circuits. 


*units are not QPL listed. 


bent lead ve 
style KK81 


TAIT 


Mini-Circuits: 


P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 


For detailed specs on all Mini-Circuits products refer to * THOMAS REGISTER * MICROWAVE PRODUCT DATA DIRECTORY « EEM ¢ MINI-CIRCUITS’ 740- pg. HANDBOOK. 


CUSTOM PRODUCT NEEDGS...Let Our Experience Work For You. 
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Spice accepts and displays Y parameters 
Michael A Wyatt, Honeywell SSAVD, Clearwater, FL 


Admittance or Y parameters have been 
the favorite of many high-frequency 
analog engineers for many years. Y 
parameters provide insights into cir- wmode 
cuit behavior not as apparent as with Test Device| oe °° 
the more popular S parameters. 
Although S parameters suit single- 
stage designs, modeling techniques 
that are impedance independent— 
namely Y parameters—suit IC designs 
best. 

Standard Spice models don’t accept Y 
parameters directly, and standard 
Spice cannot display complex functions 
such as Y parameters. You must gener- 
ate special models or subcircuits to 
accept these Y parameters. Luckily, 
enhanced versions of Spice can display 
Y parameters directly. 

Figs 1 and 2 illustrate methods to 
extract Y parameters from test-transis- 
tor Qtest. Fig 1 pertains to Y,,, Y,,; Fig 
2 covers Dae Y,.. Fig 1a insinuates an 
image device, Oimage, which is identi- 
cal to the test device, Qtest. 

Qimage:is embedded in a closed-loop 
current-control system comprising the — 
set current-source Iset, current-con- v R( I(Iinput)/ V(Iinput:-)) « o + IMG( t(tinput) /V (Iinput:-) ) 
trolled current-source F1, voltage-con- ee 
trolled current-source Gl, and gain- 
resistor R1. This control system forces 
the collector current of Qimage to equal 
Iset. Voltage-controlled current-source 
G2, which is identical to G1, applies 
_base current to Qtest while maintain- 
ing an ac-input open circuit. 

Because G1 and G2 are identical and 
Qtest and Qimage are identical, Qtest’s 
collector current equals Qimage’s. 
Qimage’s collector current is, in turn, 
equal to Iset. 

The independent voltage-source Vce 
supplies collector-to-emitter bias volt- 
age for both transistors while main- 
taining an ac-output short circuit. 
Qtest is outside the control system and 
input ac-current-stimulus Iinput has no 
effect on bias conditions. 

Figs 1b and Ic are plots of Y,, and Y,, 


Measure Ic 


Y11 Real & Imaginary . 
- Ic={0.001, 0.005, 0.01} . 
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Y21 Real & Imaginary 
Ic={0.001, 0.005, 0.01} 
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300MHz 
vy R(-I(Vce)/ V(Iinput:-)) « o + IMG(-I(Vce)/V (Iinput:-) ) 


vs frequency for Qtest. By definition, _ Frequency 
Y,,=lin/Vin and Y,,=Iout/Vin. There- | 
fore, plotting the real and imaginary 
portions of I(linput)/V(linput) and 
I(Vce)/V(Iinput), respectively, (with Fig 1—Adding an “image device,” or twin of the device under test, to a Spice model (a) 
Voutput shorted to ground by Vce) gen- _ allows you to extract plots of Y,, (b) and Y,, (¢) vs frequency. 


74 = EDN August 4, 1994 


Honey I shrunk the disk! 


Make Flash happen today with DiskOnChip™ ! 
Single chip Flash Disk is on the market now ' 


DiskOnChip™ is a miniature with a large 
capacity. It stores up to 16 MByte of data in a 
standard integrated circuit package. 


DiskOnChip™ is easily integrated into your 
system. EUROM designed it to replace the 
BIOS and provide complete disk and BIOS 
functionality from the BIOS socket. 


No software drivers or hardware changes are 
needed to incorporate EUROM's technology. 


DiskOnChip™ frees a PCMCIA slot for 
essential communication cards. 


e 100% DOS compatible and fully bootable 

e Pin to pin compatible replacement for 
system BIOS chip 

e Embedded Flash File System software 

e Single chip solution for space 
and weight savings 

e Single 5 volt supply 

e Low power consumption 
Non-volatile storage 


uSIsop orydeis/eupes 


Call or fax: 


CUYYM 


FlashWare 
Solutions 


@ Headquarters: EUROM FlashWare Solutions Ltd. 
Atidim Industrial Park Bldg. 1, P.O.B 58032, Tel Aviv 61580, Israel 
Tel: +972-3-490 920 Fax: +972-3-490 922 


@ USA Office: EUROM FlashWare Solutions Inc. 


4655 Old Ironsides Drive, Suite 200, Santa Clara, CA 95054 
Tel: 408-748-9995 Fax: 408-748-8408 
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erates these graphs. (The parametric- 
analysis feature of pSpice, the 


enhanced Spice version I used, varied sasureite 
the collector current of Qtest from 1 to Image 


5 mA.) Device 
Extract Y,, and Y,, in a similar man- Test DEVIC) test 
ner to that used for Fig la. Except in 
Fig 2a, voltage-controlled voltage- 
sources E1 and E2 replace voltage-con- 
trolled current-sources G1 and G2. And 
an ac-output voltage-stimulus Vout 
replaces the ac-input current-stimulus 
linput. E1 maintains an ac short circuit 
on the input to Qtest, while Vout stim- 
ulates Qtest’s output. Again, given that 
Y,.=lout/Out and Y,,=Iin/Out, plotting 
the real and imaginary portions of 
—[(Out)/V(Out) and -I(E1)/V(Out) gen- : | 

erates, respectively, the graphs in Figs | eget eres 
2b and é ' Ic={0.001, 0.005, 0.01} 
You can use an enhanced Spice pack- 
age’s parametric-analysis capability to 
plot the Y parameters as functions of 
collector/emitter voltage, tempera- 
ture, or other parameters. (DI #1563) 


+ IMG(-I (Vout) /V(Vout:+) ) 
Frequency 


To Vote For This Design, Circle No. 323 


How to use 
our bulletin board © 


gy This icon identifies those 
‘ome Design Ideas that have com- 
| puter-readable material 
posted on HDN’s bulletin-board sys- 
tem (BBS). Call our free BBS at 
(617) 558-4241 (800/1200/2400 
8,N,1). Not every Design Idea has 
downloadable material, but each one 
does have a BBS number printed at 
the end of it. If you’d like to com- 
ment on any Design Idea, include its 
number in the subject field of your 
message. Fig 2—Using the same technique as in Fig 1, the Spice program in (a) rounds out your set 
of Y parameters, yielding Y.. (b) and Y,, (0). 
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Y12 Real & Imaginary 
Ic={0.001, 0.005, 0.01} 


1.0GHz 
+ IMG(-I(E1) /V(Vout:+) ) 
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Interfacing to Apple Locallalk® Networks 


Design Note 85 
Robert Reay 


LocalTalk Overview 


Of the many connection technologies available for link- 
ing an AppleTalk® network, LocalTalk is one of the most 
common because it is designed to connect local work 
groups using inexpensive and easily configurable plug- 
and-play cabling. LocalTalk is laid out in a bus topology 
with all devices joined in a line with no circular connec- 
tions. LocalTalk conforms to the EIA RS422 electrical 
standard to provide a balanced differential voltage sig- 
nal transmitting at 230.4kbs over a maximum distance 
of 300 meters with up to 32 devices connected to a 
twisted-pair network. The balanced configuration pro- 
vides good isolation from ground noise currents and is 
not susceptible to fluctuating potentials between sys- 
tem grounds or common-mode electromagnetic inter- 
ference (EMI). 


LTC1323 


The original LocalTalk hardware design uses an 
AM26L$32 chip for the receivers and an AM26LS30 
chip for the drivers of a LocalTalk port. The drawback of 
the design is that it requires two chips per port and an 


LTC1323 BV 


0.33uF 


external —5V supply. The bipolar chips also draw large 
supply currents, making them undesirable for battery- 
powered applications. A better solution is to use the 
LTC1323CS24 which provides a complete low power 
serial I/O interface while generating it’s own—5V supply 
as shown in Figure 1. 


The LTC1323 uses the differential driver output stage of 
Figure 2. The driver swings between ground and Vcc 
when a differential LocalTalk load is connected between 
TXD* and TXD~ while meeting the EIA RS422 differen- 
tial voltage swing requirement of +2.0V into 100Q. 
When a single-ended load is connected from TXD* to 
ground or TXD™ to ground, the driver will swing be- 
tween Ver and Vcc while meeting the EIA 562 voltage 
swing requirement of +3.7V into 3kQ. Because the 
differential LocalTalk load requires alarge current drive, 
the charge pump that generates Veg would be unrea- 
sonably large if the driver were to swing to Veg with a 
differential load. By limiting the current flowing into Vee 
to 15mA, the charge pump can easily be integrated into 
the chip. 


5Q TO 102 5Q TO 102 


EMI FILTER | = Sek A aac GEE Ah a 


1pF 100pF 
a2 25 
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Figure 1. Single Supply LocalTalk Port 


AppleTalk and LocalTalk are registered trademarks of Apple Computer, Inc. 
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For applications where the single-ended control signals 
are not required, suchas PhoneNet®, the LTC1323CS16 
can be used as shown in Figure 3. The differential driver 
is still able to drive a single-ended load to Veg when not 
connected to a LocalTalk network. 


LTC491 

For PhoneNet-type applications where the differential driver 
is not required to drive a single-ended load below ground, 
the LTC491 can be used as shown in Figure 4. Only RS485 
drivers will work in this application. RS422 drivers will not 
work because they load the cable when the chip power is 
removed. 


Vcc 


Pt 
XO aXe 
D2 D3 D6 D5 
Nt N2 N3 N4 


15mA 
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VEE 
Figure 2. LTC1323 Differential Drive Output Stage 
___LTC1323CS16 5y 
fence ror 


1yF 


0.33pF 


TXDEN 


TXD™ 


RXEN 
RXDO 


E 
EMI FILTER 


ee 


Figure 3. PhoneNet Application 


PhoneNet is a registered trademark of Farallon, Inc. 
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EMI Filter 


Most LocalTalk applications use an electromagnetic inter- 
ference (EMI) filter consisting of a resistor-capacitor T 
network between each driver and receiver and the connec- 
tor (Figure 5). Unfortunately, the resistors significantly 
attenuate the driver’s signal applied to the cable. Because 
the LTC1323 and LTC491 are single supply drivers, the 
resistor values should be reduced to 5Q to 10Q to insure 
enough voltage swing on the cable. In most applications, 
removing the resistors completely does not cause an 
increase in EMI as long as a shielded connector and cable 
are used. With the resistors removed, the only DC load 
becomes the primary of the LocalTalk transformer. This 
will increase the DC standby current when the drivers are 
active, but does not adversely affect the drivers because 
they can handle a direct short circuit indefinitely. For 
maximum swing and EMI immunity, a ferrite bead and 
Capacitor could be used. 


LTC491 5V 


EMI FILTER 
EMI FILTER 
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Figure 4. PhoneNet Application 
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Figure 5. EMI Filters 
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Need a high coed IFEE- 498 tester or mover flexible a oo 7 i 
panel instrument? The ATS-1 Audio Test System from Audio . 
Precision is the solution. 


«* Measures amplitude, signal-to-noise, distortion, SINAD, IMD*, gees 
frequency, wow & flutter, input impedance, plus AC mains check A UdIO | ements 


True 2 channel (stereo) modes measure 2 channel level, precision 


pneney realtine amplitude ratio, real time crosstalk 


P.O. Box 2209 
* GPIB and front panel operation, including ational Beaverton, OR 97075-3070 
Instruments LabWindows” and LabView" drivers bee) B27 Oboe ot col ae 


FAX: (503) 641-8906 
“ GPIB command set includes both IEEE 
488.2 and HP 8903B emulation mode 
“* Internal Sweeps, Graphs and Print- 
outs, including single and dual 
channel graphs and tables with a 
broad che Hee Ol units Vv. dR cb / 
dBm, Watts, dBr, % and dB A S mee 
* Bright front panel display is casy 
to read; shows three simultaneous 
instrument readings, sweep graphs or bargraphs 


“ Package optimized for rackmount or bench use, 
with front or rear modular connectors, monitor speaker 


Audio Precision is the world’s largest company dedicated 
solely to manufacturing and supplying y audio frequency test- 
ing solutions, with a worldwide installed base of thousands 
of t units. Our international force of Audio Precision repre- 
sentatives will be pleased to provide further information and 
an onsite demonstr Won. ‘Options include IMD, rack mount kit, special filters. 
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LTDA . Tel: (21) 325-9221 Bulgaria: ELSINCO. 4.e. Strelbishte. Tel: (2) 58 61 31 Canada: GERRAUDIO Distribution, Tel: (416) 696-2779 China, # 
Czech Republic: ELSINCO Praha spol. s ro.. Tel. (2) 47 66 89 Denmark: npn Elektronik aps. Tel: 86 57 15 11 Finland: Genelec OY. Tel: 77 13 
Germany: RTW GmbH. Tel: 221 70913-0 Greece: KEM E lectronics O.E.. Tel: 01-6478514/5 Hungary: ELSINCO KFT. Tel: (1) 269 18 50 India: HINDITRON Service PVY, 
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OF our FastScan ATPG can handle a chip like this, 
just imagine what it will do for your ASIC or IC. 


Like every other product manufactured by Motorola, the PowerPC 603" 
family of microprocessors is subject to the company’s rigorous Six Sigma 
quality program. 

So, not surprisingly, testability was a major issue with the PowerPC 603 
family. Nothing but the best would do. 

No small task in a chip with over 1.6 million transistors. How do you get 
maximum fault coverage to ensure quality, yet minimize your test vectors to 
boost productivity? 

Simple. You turn to Mentor Graphics’ FastScan" ATPG, the test pattern 
generation tool now used by IC and ASIC developers throughout the world. 
In the PowerPC 603, FastScan not only produced maximum fault coverage 
with minimum vectors, it did so within an extremely tight design schedule. 

In fact, it performed so well, Motorola has selected it as the ATPG tool of 
choice for the entire PowerPC 603 family project. 

Better yet, FastScan is just one of our standard-setting tools that deliver a 
full-chip test solution for virtually any IC or ASIC, large or small. 

Everything from boundary scan insertion at the VHDL level to full ATPG 
for non-, partial-, and full-scan designs to exhaustive fault coverage analysis. 

So put us to the test, the way the PowerPC 603 microprocessor did. 
Phone 1-800-547-3000, dept. 327 for more information on Mentor Graphics’ 
Full-Chip Test. Or E-mail us at: dft_mgc@mentorg.com. 


GMishiet 


We mean business. 


PowerPC 603 and the PowerPC name and the PowerPC logotype are trademarks of International Business Machines Corporation, used under license therefrom. 
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Noise-figure curves 
ease the selection 0 


low-noise op amps 


John W Christensen, National Semiconductor Corp 


Evaluating plots of noise figure vs source 
resistance makes it easy to select a low-noise 
amplifier for a given source resistance. A 
BASIC program calculates the numbers from 
data-sheet parameters. 


Selecting the right op amp can be a serious challenge when 
you take all of the possible parameters into consideration. 
Choosing a low- noise amplifier is particularly daunting. Both 
internal and external sources of noise, including many that 
designers ignore or don’t recognize, affect the op amp’s and 
overall system’s noise performance. Different types of op 
amps—CMOS, JFET, and bipolar—exhibit various noise 
characteristics about which you can make some dangerous 
generalizations. However, an important tool, namely using 
low noise figure (NF) for given source resistance, does exist 
to help take some of the guesswork out of choosing a low- 
noise amplifier. 

Unfortunately, many designers aren’t even aware that 
they need such a tool, and they think all the information 
they need is on the data sheet. They usually just look at the 
voltage noise (e,) numbers on the data sheet and use the “if 
it’s lower, it’s better” method. The problem with this 
method is that it ignores the current-noise (i,) half of the 
equation (see box, “Internal and external op-amp noise 
sources.” By ignoring the effects of current noise, you 
ignore the effect of the source resistance on the amplifier’s 
noise performance. The total noise voltage, e,,, at the input 
of an amplifier is 


e, =e, +(i,-Rg)?. (1) 


This number is absolutely necessary for determining the 


M The software listings mentioned in this article are available on EDN’s 
computer bulletin-board system (BBS). Phone (617) 558-4241 with 


! modem ole 300/1200/2400 8,N,1. Access /freeware SIG and 
specify (r)ead option followed by (keyword search for “MS #688". 


noise performance of a system. Just looking at e, alone can 
be very misleading. For example, compare the performance 
of two popular op amps, the LMC662 and the OP-07, when 
amplifying a signal from two source resistances. At first, the 
OP-07 with a typical 1-kHz noise voltage of 9.6 nV/VHz would 
appear an easy winner over the LMC662 with a typical 1-kHz 
noise voltage of 22 nV/VHz. But when you look at the noise 
currents, you find the opposite is true: 120 fA/VHz for the OP- 
07 vs 0.113 fA/VHz for the LMC662. 

To illustrate the effects of these differences, compare sig- 
nals coming from a 10-kO and a 10-MO source. Determining 
the noise contribution of the amplifier requires only an rms 
addition of the effects of the noise current and noise voltage. 
In the case of the OP-07, using Eq 1, 


e,, = (9.6 nV/VHz)? + (120 fA/VHz-10 KQ)? =9.67 nV/VHz. (2) 


As you can see, the OP-07 noise current makes no real dif- 
ference at this source resistance. The much lower noise cur- 
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it Hr a NF-vs-source resistance curves show that the OP-07 
exhibits its optimal noise performance when the source resistance 
is in the range of 10 k©O to 1 MQ. 
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rent of the LMC662 has even less effect, so the 22 nV/VHz is 
the total noise contribution. In this case, the OP-07 is the 
easy low-noise winner. 

If you perform the same calculations for the OP-07 with a 
10-MQ, the result is 


=\(9.6 nV/VHz)? +(120 £4/VHz-10 MQ)? =1200 nV/VHz. (3) 


At this source resistance, the e,, of 1200 nV/Hz makes the 
“quiet” OP-07 a very noisy choice. However, for the LMC662, 


~ (22 nV/VHz)?+(0.2 fA/VHz-10 MQ)? =22 nV/VHz. (4) 


In this case, the OP-07’s total noise voltage is 55 times higher 
than the LMC662, making the LMC662 the low-noise choice. 
From these extreme examples, it is obvious that selecting a 
low-noise op amp requires more than just looking at e.. 


Justifying the use of NF 

NF is a convenient way to describe the ratio between the 
total system noise and the theoretical source-resistance 
noise. An RMS addition of the noise contributed by the ampli- 
fier with that of the source results in the noise present at the 
input of the amplifier. Twenty times the log of the ratio of this 
sum to just the noise from the signal source equals the NF. 


(5) 


NF= log | Se RCE S/N TAO 


SOURCE S/N RATIO) 


NF is a common parameter for comparing RF amplifiers or 
ac circuits, which allows you to transform the signal resis- 
tance to match the amplifier. Over the years, op-amp experts 
have implied that because you can’t adjust the source resis- 
tance of a de circuit (adding resistance to a source because it 
is lower than optimum only results in more noise and less sig- 
nal), then knowing the NF at other resistances is useless 
information. 


LMC662 NF vs Rs 
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Fig 2—At source resistances from 100 k© to 10"'C, the LMC662 is 
a good low-noise choice. 
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This viewpoint may have been true when there wasn’t such 
a wide variety of op-amp choices, but the situation is quite 
different today. Because several op amps may meet the basic 
requirements of bandwidth, slew rate, and drift, selecting 
the one with the lowest for the existing source resistance is 
practical. 

Another argument against using NF is based on the 
premise that, because any source resistance causes the noise 
current to add to the noise voltage, the lowest system noise 
is obtained when the source resistance is zero. Calculating 
the NF for a system with zero source resistance always gives 
an infinitely high NF (the denominator of Eq 5 is zero). 
Therefore, if the source resistance is zero, selecting for low- 
est NF does not give the lowest system noise. 

These statements are also true but irrelevant. In the real 
world, zero source resistance would require infinite signal 
power, and if you had infinite signal power, you wouldn’t need 
an amplifier. 

Note that there is also the case of the purely reactive 
source. A signal from a lossless capacitor or inductor has no 
thermal noise, and the selection process would be quite dif- 
ferent from that of resistive sources. For more discussion on 
reactive sources, see Ref 1. 


Calculating NF 

Although almost no op-amp manufacturer provides NF 
curves, most data sheets do include the information 
(namely, e, and i,) necessary to plot these curves. Using 
these voltage- and current-noise numbers and performing 
a few calculations, you can determine the NF for any 
amplifier at the resistance of interest. To make the process 
even easier, a Basic program automatically calculates NF 
over a wide range of resistance values and generates an 
ASCII file of NF numbers (see EDN’s computer bulletin- 
board system (BBS). 

Figs 1 and 2 show the plotted NF results using data from 
the OP-07 and LMC662 data sheets. The log dB scale of the 
NF graphs shows how close to zero the NF will go but still 
provides detail at the higher noise levels. To make compar- 
isons easier, the horizontal and vertical scales of all the plots 
are identical. The curves owe their shape to the large contri- 


LF156A NF vs Rs 


Fig 3— The LF156A is an example of a low-noise amplifier for 
sources of 20 kQ) to 1 GO. 
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bution of amplifier-noise voltage on the left and descending 
side and to the noise-current contribution, which causes the 


NF to begin rising to the right. 


The easiest way to represent the noise parameters of an op 
amp is to assume there are two separate, uncorrelated noise 
generators at the inputs of an ideal noiseless op amp: a noise 
voltage source in series with an input and a noise-current gen- 
erator connected between each of the inputs of the amplifier 
and ground (Fig A). __ 

The value of the source resistance has no effect on the inter- 
nal noise-voltage source because the source resistance is in 
series with the input. However, because the currentnoise 
sources are between the two inputs and ground, the contribu- 
tion due to these sources is directly related to the source resis- 
tance. 

This noise current flows through the source and anything else 
connected to the inputs, such as the feedback resistance. This 
current produces a noise voltage proportional fo the total 
impedance seen from the inputs. As a result, this contribution 
depends upon the value of the source resistance. These two 
noises add at the amplifier input and appear as the amplifier’s 
contribution to the total system noise (Eq 1). 


Recognize other noise sources | 

_ Noise can corrupt a signal in more ways than through these 
voltage- and currentnoise sources, and many contributors to 
noise go unrecognized. For example, air currents flowing over 
a pc board generate low-frequency signals. These air currents 
produce small fluctuations in temperature at the thermocouple 
junctions produced where the IC is soldered into the board. 
Most system designers are not aware that the common IC lead 
frame material, Kovar, and the copper board traces produce 
effective thermocouples, which produce about 35 wV/°C. 

A low-noise bipolar op amp, such as the OP-07, has a typ- 
ical 0.1- to 10-Hz noise of 0.35 wV pp. If the lead frame were 
made of Kovar, the soldered connection on the board would 
need to wander around only 0.01° to produce a “noise” sig- 
nal equal to that of the op amp. Because of the thermal mass 
of the board, this noise appears as 1/f noise starting below 2 
or 3 Hz. This air-current “zephyr” noise may in fact be the 1 /f 
noise shown on many low-noise op-amp data sheets. _ 

There are two ways to eliminate this noise source. One is to 


prevent temperature fluctuations from occurring at all connec- 


tions between the low-level signal source and amplifier’s input 
by embedding a portion of the circuit in foam or enclosing it in 
a small, separate, closed box. Using amplifiers built on copper- 
lead frames, such as the OP-O7, also eliminates this source of 
noise. However, internal connections of silicon and other met- 
als, such as gold or aluminum, create thermocouples with out- 
puts as much as 10 times higher than those produced by Kovar- 
copper connections. Thus, even copper lead frames are not a 
complete answer. Reducing thermal gradients is still necessary 


for the lowest system noise. _ 
Excessive bandwidth is another source of noise that op-amp 


uncorrelated noise peerninns at the inputs to an ideal, noiseless 


an amplifier with a 10- to 20-kHz bandwidth. If the objective — 


- significant: the signal source. Designers tend to assume that a 
_ signal source is noiseless, but, in reality, all resistive sources — 
_generate thermal noise proportional to the square root of the 
source’s resistance. Using the formula _ 


So a, =./4 KT-BW-R,, 


where K is Boltzman’s constant (1.38 10°? joules/kelvin), T 
_ is the temperature in kelvin, BW is the bandwidth in hertz, and 
_R, is the source resistance, you can calculate this noise voltage. — 


_ with the signal, and determines the optimum SN ratio of the — 
signal source. : . 


The curves clearly point out that at 10 kQ, the NF for the 
OP-07 is 4 dB. At this source resistance, the LMC662 has 
an NF of 11 dB, making the OP-07 the easy winner. How- 


INTERNAL AND EXTERNAL OP-AMP NOISE SOURCES 


IDEAL NOISE-LESS 
OP AMP 


Fig A—The noise model of an op amp includes two separate, S 


op amp: a noise voltage source in series with an input and noise — 
current generators between each input and ground. 


users often overlook. The bandwidth itself doesn’t cause extra - 
noise. However, most of the types of noise generated in the 
amplifier or inherent in the signal source are broadband gen- 
erators, which the op amp then amplifies over its full bandwidth. — 

Many signals do not require extremely wide bandwidths. To 
pass a 1-kHz square wave and maintain sharp edges requires — 


is to restore this signal when its amplitude is as small as the 
amplifier noise, you must first limit the maximum bandwidth of 
the incoming signal and the amplifier to around | to 3 kHz. 
This limit reduces the amount of noise being amplified with the 
signal. Limiting the low-frequency response of the system with 
a bandpass filter reduces the noise even further, _ 


In addition to the voltage and current noise of the op amp _ 
itself, one other fixed noise source, external to the op amp, is 


For example, at 25°C (298K) a 1-kO source produces a min- 
imum noise of 4 nV/VHz. This noise is always present, along - 
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ever, at 10 MQ, the situation is reversed. The OP-07 now 
has an NF of 19.08 dB, compared with 0.025 dB for the 
LMC662. Thus, at 10 MQ, the LMC662 is the low-noise 
winner. 

The curve in Fig 3 shows that the LF156A is a good exam- 
ple of an amplifier suitable for high source impedances. Fig 4 
shows that the OP-27 exhibits its lowest noise performance 
with low-resistance sources. 

Even if a data sheet doesn’t provide the i, numbers, in 
some cases, you can still arrive at an approximate NF, which 
is theoretically the best NF. Specifically, if the input stage of 
the op amp doesn’t use bias-current cancellation, you can use 
the input bias current to estimate a best possible case. To cal- 
culate the lowest possible noise current, you can use the for- 
mula for shot noise (noise that results from current flowing 
across a pn junction), which is 


_ 2-9-1, BW, (6) 


where Q is the electron charge (1.6X10-19), BW is the band- 
width, and I, is the bias current in amps. Don’t forget that 
the input current of JFET op amps doubles for each 10°C 
increase in junction temperature. Thus, the resulting noise 
current increases by V2 with each 10°C rise. A conservative 
approach is to use the input current specified on the data 
sheet at the highest temperature. 

If you question the usefulness of this number, you should 
know that the data sheet’s i, number for most CMOS and 
some JFET amplifiers is the result of this very calculation. 
The calculated 113 aA (10-'§ amps) (700 electrons/sec 
rms)/VHz for the LMC662 is much too small to measure in 
the real world. This noise current reduces the S/N ratio of a 
1000-M©Q source by only 0.024 dB. 

These calculated numbers are most useful when the 
source resistance is less than 1 GQ. At higher source resis- 
tances, the number becomes more theoretical than practical. 
At the level of 113 aA/VHz, the current has no real effect in 
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Fig 4—The OP-27 exhibits its lowest noise performance with low- 
resistance sources. 
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almost all cases. For noise currents to have a meaningful 
effect, you must consider the true value of the source resis- 
tance. Resistors with values of 102 0 or more are available, 
but just 1 pF of shunt capacitance reduces the impedance at 
100 Hz by a factor of over 600. For this reason, noise cur- 
rents, such as those of the LMC660 family, normally have no 
effect. At high resistances, the noise voltage of the source is 
so much higher than the op amp that the resulting NF is 
nearly zero. 

As you can see from the figures, the e, of many op amps is 
not the limiting factor of low-noise performance. However, 
by selecting an amplifier with a low NF for the source resis- 
tance, you can design a low-noise system. An NF of 1 dB or 
less provides nearly ideal noise performance. 

BiFET and CMOS op amps usually have higher noise volt- 
ages than do op amps with bipolar input stages. Contrary to 
popular opinion, using CMOS op amps with high-resistance 
signal sources can result in a low system NF. At lower source 
resistances, many bipolar op amps can provide good low- 
noise performance because of their low e,. A quick look at the 
NF graphs can simplify selection. 

Finally, remember that for many applications, the noise 
contributed by the amplifier may be insignificant compared 
with that of other parts of the system. Many of today’s low- 
noise amplifiers have much lower noise than do most signal 
sources. Also, if the NF curves you generate show only 
minor differences between amplifiers—a 0.2-dB difference, 
for example—other, possibly more important, parameters 
such as power consumption, bandwidth, offset voltage drift, 
and price, may make more of a difference in your op-amp 
choice. EDN 
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We could never measure up 
our success with LITTLE FO 


So we decided to go 
for something smaller. 
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Introducing LITE FOOT. 
Everything you like about 
LITTLE FOOT power 
MOSFETs, only smaller. 


| 
LITTLE FOOT , 
oa LITE FOOT 1.0mm 


LITE LITTLE 
FOOT FOOT FOOT FOOT | 


6.4mm 6.0mm 44mm 3.8mm | 


| | 
¢ SURFACE-MOUNT COMPATIBILITY 
¢ LOW ON-RESISTANCE LITE FOOT 


LITE LITTLE 


© SMALL FOOTPRINT 3.0mm 


¢ MINIMAL HEIGHT LITTLE FOOT 


4.8mm 
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LITE FOOT” is about half the 
size of LITTLE FOOT’, but 
delivers the same big benefits 
for space-sensitive and/or 
battery-operated applications. 


Siliconix, the pioneer in 8-lead 
SOIC power MOSFETs, has 
redefined the performance of 
ultra-miniature, surface-mount 
power. The result is a new family 
of n-channel and p-channel devices 
that delivers on-resistance as low 


as 50 mQ. Further, LITE FOOT 
features TSSOP surface-mount 
compatibility, and offers gate 
drive voltages as low as 2.7 V 
and currents as high as 4.2 A. 


In short, LITE FOOT is the smallest 
discrete power MOSFET in the 
world. It occupies only 6.4 x 3.0 
millimeters of board space. 

And at a remarkable 1.1 mm 
high, it’s the first power 


MOSFET thin enough So if your designs keep shrinking, 


to fit into any standard but your power management 
PCMCIA card. Even needs keep getting bigger, 
double-sided circuit LITE FOOT is the solution. 


boards are a snap. 
Contact your local TEMIC sales office, 


What’s more, LITE FOOT’s __ or call 1-800-554-5565, ext. 931 
mini package maximizes for a LITE FOOT design guide. 
power dissipation, too — 

over 1.5 W ina tiny 

8-lead TSSOP. But best of all, you 


don’t need an external heat sink Sill cCOonix 
other than the PC board itself. 
A Member of the | EM I C Group 


* On-Resistance shown at Vie = 10 V, 
except Si6433DQ shown at Vos = 4.5 V 


2201 Laurelwood Road, Santa Clara, CA 95054 Fax: 408-970-3995 
Members of the TEMIC Semiconductor Division: Telefunken Semiconductors, Siliconix, Matra MHS, Dialog Semiconductor 
TEMIC International Sales: UNIITTED KINGDOM: 0344-485757. GERMANY: 0130 857 320. FRANCE: 1 30 60 70 00. ITALY: 02-332 121. 
SCANDINAVIA: 08-733 0090. SINGAPORE: 65-788 6668, ext. 249. HONG KONG: 852-3789 789. JAPAN: 3-5562 3321. 
LITTLE FOOT is a registered trademark and LITE FOOT is a trademark of Siliconix. ©1994 Siliconix. All rights reserved. 
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Nanoseconds Alo 
How AMD Has Impro 


The New MACH’ Family Gives You 7.5ns Speeds, 
Plus The Design Tools You Need To Get To Market Faster. 


You can never be too fast. gate MACH 210A-7 clocks-in at 7.5ns, while 


Or too well equipped, for that matter our 3600-gate MACH 230-10 reaches 10ns. 
And the new MACH CPLDs give you both: Now that’s fast. 


The speed you need for the critical path And you'll bring your product to market 


— up to 75ns. Plus a whole new set of in record time with AMD’s new software 


design tools you'll need along the way. ,, a offerings. Now you can get your favorite 
e new MACH family members feature } ; ; 
There’s nothing faster than the new speeds up to 7.5ns, while our new design tools —including MicroSim, Data 


software tools include schematic design entry 


members of our MACH family. Our 1800- and timing simulation capabilities. I/O? and Viewlogic"— directly from AMD?° 


One AMD Place, P.O. Box 3453, Sunnyvale, CA 94088. © 1994 Advanced Micro Devices, Inc. FusionPLD is a service mark and MACH, AMD, and the AMD logo are registered trademarks of Advanced Micro Devices, Inc. Other product or brand names mentioned are property of their respective holders. 
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ne Cant Measure 


ved The MACH Family 


You get the right tools, right away. 

If you need additional design support, you can 
always rely on our FusionPLD™partners, a team of 
vendors ready and waiting to give you the support 
you need when speed is of the essence. 

What's more, AMD delivers both JTAG testing and 
5-Volt in-circuit programming. So you have the flex- 
ibility to test, program, and reconfigure your designs 
right on the board. And both capabilities are an 
integral part of our free in-circuit programming kit. 

So contact your local AMD sales office listed 


below for more information on the entire high-speed 
MACH family, design tools, and our free 5-Volt in- 

circuit programming kit. Because with AMD behind 
you, you'll finish faster every time. & 


Ask for our free 
programming 


kit 19Q. 


® 


Advanced Micro Devices 


For more information on the MACH family, contact your local AMD sales office or sales representative. International Sales Offices: Antwerpen (03) 248 43 00; Frankfurt area (06172) 9267-0; Hong Kong 86 54 525; London area (0483) 740 440; Manchester area (0925) 830 380; Milano (02) 339 05 41; 
Miinchen (089) 45053-0; Osaka (06) 243 32 50; Paris (1) 49 75 10 10; Seoul (02) 784 0030; Singapore (65) 348 11 88; Stockholm (08) 98 61 80; Taipei (02) 715 35 36; Tokyo (03) 334 67 550. 
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Canny choices condense 
CPLD and FPGA design cycles" 


Sung C Hu, San Francisco State University 


The proliferation of CPLDs and FPGAs has 
resulted in flexible devices that reduce design 
time and contribute to a design’s smaller size, 
higher reliability, lower cost, and lower power 
consumption. However, you must choose from 
among many devices, each having its own 
diverse architecture. 


Knowing which FPGA (field-programmable gate array) or 
CPLD (complex programmable-logic device) will match your 
application can save you significant design time. The first 
issue to resolve—but one which is beyond the scope of this 
article—concerns in-system versus off-line programmabili- 
ty. Next, you should determine whether a device’s capacity 
and performance fit your application. Some simple selection 
guides in this article can help you compare various devices’ 
capacity and performance. Once you resolve the fitness ques- 
tion, you can choose among a manageable number of devices, 
looking at cost, support, availability, etc (see box, “Articles 
that cover other aspects of multifaceted devices”). 

You can easily use all selection guides in this article with- 
out spending an enormous amount of time studying device 
architectures and performing abstruse fitting calculations. 
Because design involves a delicate balancing act where intu- 
ition plays a crucial role, no off-the-shelf benchmarks can 
replace experience. 

Unfortunately, some of the most common metrics for 
FPGAs and CPLDs are worthless. Take, for example, a num- 
ber borrowed from the gate-array world, the so-called equiv- 
alent-gate count. The count is the number of 2-input NAND 
gates needed to implement a given design that can also be 
implemented in the device. Because fundamental building 
blocks in most programmable devices are not NAND gates, 
gate-counting depends on the circuit selected for implement- 
ing and the vendor doing the counting. Besides, actual cir- 
cuits seldom consist solely of 2-input NAND gates. Thus, gate 
count is not a good capacity measure for programmable 
devices. Other comparison parameters are the number of 
I/Os, macrocells, flip-flops, clocks, and speed or frequency. 


Specifications not standardized 
The lack of standardized specifications presents a 
major difficulty in interpreting vendor data books. In 


addition, data-book specifications are not necessarily 
usable. Take f,,,, a8 an example: this vendor specification 
often does not account for setup and hold times for regis- 
ter-to-register operations. Also, data books sometimes 
cite f,,,, without indicating whether the frequency is 
internal or external. 

In addition, most devices’ parameters change with operat- 
ing conditions such as frequency, temperature, loading, volt- 
age level, etc. But the industry has no standardized environ- 
ment for measuring parameters. 

Finally, vendors derive most of the their specifications 
from devices programmed with elementary logic structures 


that have little or no relation to real designs. 


Interpreting PREP benchmark results 

PREP benchmarks (Table 1), on the other hand, provide 
data derived from standardized tests in a standard format. 
Unfortunately, no recognized way of using PREP results 
exists, and every company will put its own twist on inter- 
preting PREP benchmark results. Already some companies 
emphasize cost per instantiation while others stress the 
importance of system characteristics that are not bench- 
marked. Still other companies use biased “averages” of 
benchmark results, and accusations of misrepresentation and 
“unfair benchmarking” also exist. When reading advertise- 
ments, remember what Mark Twain once said, “There are 
three kinds of lies: lies, damned lies, and statistics.” 


Capacity comparison 

One way to compare the capacities of different devices is 
to get the mean of the benchmark-repetition numbers for 
each device. Because benchmark circuits are of varying 
sizes, the simple arithmetic mean is not appropriate. For 
example, suppose that the repetition number of devices A 
and B for benchmarks 1, 2, and 3 are: 


TABLE 1——ERRONEOUS AVERAGE CAPACITY 


Harmmonicmean | 


EDN August 4, 1994 = 91 


EDN-DESIGN FEATURE 


SELECTING FPGAs AND CPLDs 


The arithmetic means of the two devices’ capacities indicate 
that they have the same capacity. But device B is 50% “larg- 
er” than device A for benchmark 1, and 100% “larger” for 
benchmark 2. Device B is only 15% “smaller” than device A 
for benchmark 8. So, saying that they have the same capaci- 
ty is not accurate. 

You could use a weighted arithmetic mean, perhaps giving 
larger circuits higher weights. However, capacity measure- 
ments for each individual benchmark circuit are highly archi- 
tecture-dependent, and circuits are not implemented the 
same way by different vendors. So getting vendors to agree 
upon a set of weights would be very difficult. A better way 
for computing a valid average capacity is by looking at 
resource utilization. 

Using the following two alternatives, one being the inverse 
of the other, could provide a comparable metric for program- 
mable-device “sizes.” 


Utilization measure: 
U,,=2(/R,)/n (average resources used per benchmark). 


Capacity measure: 
C,=n/2(1/R,) (average number of repetition per device). 


PREP’s benchmark method repeats a simple, standardized 
circuit until no more will fit in the device under test. There- 
fore, if R, is the repetition number of benchmark-circuit 1, 
then 1/R, is the portion of the device’s resources that one 
instantiation of benchmark-circuit i uses up. And so 2(1/R,) 
(for i=1 to n) is the portion of resources all n benchmark cir- 
cuits use. And >(1/R,)/n is the average usage per benchmark 
circuit. The inverse of this average value is the average 
capacity measure. 

Note that capacity measure is the harmonic mean of capac- 
ity measurements of individual benchmarks. Depending on 
the nature of your data, you can obtain a mean value three 
different ways: arithmetic mean, harmonic mean, or geomet- 
ric mean. Although the properties of these three means come 
under the heading of elementary statistics, surprisingly few 
engineers apply them properly, so a review of a math text 
may be in order. 

In this case, taking the harmonic mean of capacity bench- 


marks is reasonable because the numbers are rates (instan- 
tiation per device). The harmonic mean automatically pro- 
vides higher weights to smaller numbers (ie, larger bench- 
mark circuits). The harmonic means for devices A and B in 
Table 1 are 2.86 and 4.67, respectively. Based on these num- 
bers, device B has a larger overall capacity. 

For a specific application, you can obtain a more accurate 
estimate by dividing a design into parts that match PREP’s 
benchmark circuits. For example, suppose that a certain 
device’s benchmark shows that it can accommodate 10 16-bit 
counters. If your application needs two 16-bit counters, they 
would occupy roughly 20% of the device. The total sum of all 
parts of the design should add up to somewhat less than 100% 
if you are trying to fit all the parts into one device. 


Weighted-capacity measurements 
The weighted harmonic mean embodies the weighted- 
capacity measurement. The weighted-capacity measure is 


Cy y=>Ww,/2(w/R.) (for i=1 to n) 


where w, is the weight you assign to benchmark 1. 

For example, if for a certain type of application the ratio 
for large state machines, 16-bit accumulators, and 4x4 ALUs 
is about 1:2:4, then the weights you assign to the respective 
PREP benchmarks can be simply 1, 2, and 4. You should give 
“unused” PREP benchmark circuits weights of zero. 

For capacity comparisons, compute the weighted harmonic 
means for all candidate devices to determine the one with the 
best capacity for the given type of application. For a device to 
fit the application, its weighted harmonic mean must be 
greater than Xw,. Note that if you replace 2w, by 1 in the 
numerator, C,,,, actually estimates the number of repetitions 
of the entire design which would fit into a given device. In this 
case, C,,, should be greater than, but close to 1 for a good 
capacity match between the device and your application. 

Of course, you cannot properly match all real circuits with 
PREP’s benchmark circuits. In these cases, you may have to 
use some “equivalence” estimations. For example, you may 
equate a 31-stage, linear-feedback shift register to two of 
PREP’s 16-bit counters. 


ond ; RULE PROVIDES sohiadldey DEVICE METRIC 


| oe eles nea measure is the egies acs ratio. 
_ According to Rent’s rule (an empirical equation relating VO. 
pins to circuits derived by IBM engineer E Rent): 


lk(C}? 


_ where | equals the number of I/O lines, C is the number of 


circuits, and k and p are positive constants. 

ice programmable devices, | is the number of user I/O pins 
“and C is the number of usable gates. While various studies 
have produced different k and p values, generally p=0.5 is 
a good value to use for VLSI circuits (making the number of 

170 pins proportional to the square root of the number of cir- 

a cuits). So, in 


k=I/(C)° 
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en 0.5 sil 2 5 Imostly behiielon: 1 ard 7 
9) for programmable devices. Using k=1.5 as the dividing 
line, consider the device as having a high pin-to-logic ratio if 
k>1.5 and a high logic-to-pin ratio if k<1.5. In general, high — 
pin-to-logic devices are good for |/O-intensive applications _ 
while high logic-to-pin devices are good for logic-intensive _ 
applications. Consequently, some PLD vendors produce — 
devices having the same internal logic but with different num : 
bers of I/O pins. — ee 

Another useful measure is the ratio between the nunbaee fo) 

registers (flip-flops) and the number of logic gates. In gener 
al, high register-to-logic devices are good for sequentic 
applications and high logic-to-register devices are good for 
combinational applications. Peg 
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The value of this scope is 
easy to see. 


Take a close look at the HP 54600- 
series oscilloscopes, and you can’t 
help but notice certain things. 


It looks and feels like an analog 
scope, with dedicated knobs and a 
display that responds instantly to 
your control changes. Yet it has all 
the digital power that analog can’t 
give you — high accuracy, automatic 
measurements, hard copy output 
and programmability. And superior 
viewing of virtually any waveform, 
even at low rep rates and slow 
sweep speeds. 


But what really stands out is that 

the HP 54600-series scopes give you 
all this performance at a great price. 
Four models ensure you get the right 
scope for your measurements. The 
HP 54600B 100 MHz (2-channel). 

HP 54601B 100 MHz (4-channel). 
The HP 54602B 150 MHz (4-channel). 
And the HP 54610B 500 MHz 
(2-channel). 


@ For more information, call 
your local sales office or one of 
the numbers listed below. We'll 
be happy to send you literature 
about the HP 54600-series scopes. 
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¢ HEWLETT? 
3 PACKARD 


EDN August 4, 1994 = 93 


EDN-DESIGN FEATURE 


SELECTING FPGAs AND CPLDs 


Performance comparison 

Again, the simple arithmetic mean is not a good measure 
of performance. In digital systems, the slower, lower fre- 
quency parts tend to dominate (limit) performance; hence, 
you should give them higher weights. The argument here 
parallels that for the capacity measure, the following two 
alternatives—one being the inverse of the other—can be 
used for programmable device speed. 


Delay measure: 
T= >(1/f,)/n (average delay per benchmark) 


Performance measure: 
f=n/2(1/f,) (average frequency for the device) 
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If f, is the average frequency for benchmark i, then 1/f, is 
the average delay for benchmark circuit i. And &(1/f,) (for i= 
1 to n) is the total delay of n benchmark circuits. Therefore, 
>(1/f,)/n is the average delay per benchmark circuit. The 
inverse of this average value is the average frequency. 

Because frequency benchmarks are also rates (cycles per 
second), the harmonic mean is reasonably the single perfor- 
mance measure. Note that the harmonic mean is always less 
than or equal to the arithmetic mean. The harmonic mean, in 
a way, incorporates a penalty for high variance. For a device 
with uniform performance results for the entire benchmark 
suite, the harmonic mean is the same as the arithmetic mean. 
On the other hand, for a device with varying benchmark 
results, the harmonic mean is always below the arithmetic 
mean. The wider the variation, the more the harmonic mean 
is below the arithmetic mean. 

Again, for a specific design, you need only to examine num- 
bers from benchmark circuits that match your design. For 
example, if the target design requires circuits similar to 
PREP’s large state machine, a 4-bit ALU and a 16-bit 
counter at certain operating frequencies, then all candidate 
devices’ results for these three benchmark circuits must 
exceed the respective target system’s operating frequencies. 
Of course, your actual circuits are not going to be the same 
as benchmark circuits so use the benchmark result only as a 
first-order estimate. 


Weighted harmonic performance mean 

A weighted harmonic mean for performance makes no 
sense because, in general, you cannot trade the operating 
frequency of one part of the circuit with the frequency of 
another part. Often, the part of the circuit with the worst 
delay determines the design’s overall performance in a syn- 
chronous system. 

You may find examining the best and worst cases helpful 
to get some idea of the upper and lower bounds of perfor- 
mance. For example, using the critical-path design method, 
you could use the best-case result because the benchmark 
shows that achieving the reported speed by proper design is 
possible. 

Some devices do not have all nine benchmark results 
reported because of vendors’ inability to either implement or 
measure some of the benchmark circuits. Compute the har- 
monic means of these devices using the appropriately 
reduced n and using only available results. However, you 
should group these devices separately and flag their mean 
values to remind yourself and others that these values are 
not based on the entire benchmark suite. 


Single-number comparison 

The capacity-speed product is an option if you want a sin- 
gle figure of merit for capacity-performance comparisons. 
This number is the simple product of C,, and f,,, and “retz” 
(repetition-megahertz) can be the unit of measure. However, 
you must be aware that you cannot trade capacity for speed 
or vice versa as you can with the gain-bandwidth product for 
op amps. The capacity-speed product is only a figure of merit 
with which you can quickly eliminate unsuitable devices. For 
example, if an application requires a device to have 500 retz, 
then all devices with retz numbers less than 500 would not 
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qualify for the application. From among qualified devices, you 
then need to further qualify capacity and speed individually. 

If you wish to include the cost in a single figure of merit, 
one way is the retz-per-dollar (rpd). That is, divide the retz 
number of the device by its cost. Thus, if a 500-retz device 
costs $100, then it is a 5-rpd device. How- 
ever, device prices change regularly so be 
aware that rpd numbers can become out- 
dated quickly. 


Additional information 

Benchmark results also provide some 
idea about predictability of performance. 
A device with small differences between 
best- and worst-case frequencies has more 
predictable timing. Similarly, a device 
that permits a high number of instantia- 
tion of one particular benchmark circuit, 
but which is comparable or worse than 
other devices for other benchmark cir- 
cuits, probably best suits applications sim- 
ilar to the particular benchmark circuit. The percent-fill 
numbers indicate whether the particular device architecture 
is amenable to the type of circuit the benchmark represents. 

In any case, be aware of routing congestions, which can sig- 
nificantly reduce the number of usable logic cells. While dig- 
ital designers usually have a good idea of timing and logic 
requirements early in the design, they do not have the slight- 
est idea about the interconnection requirement, because this 
requirement depends highly on device architecture and 
implementation. 

In summary, to use the benchmark results, first choose 
devices that are of comparable capacity (using either raw 
benchmark results, harmonic means, or weighted harmonic 
means) and big enough for the application. The next step is 
to choose, among candidate devices, ones that can satisfy the 
performance requirement (either raw benchmark results or 
harmonic means). 

Obviously, you should give the highest priority to the crit- 
ical parts of your design when looking at benchmark results. 
For example, if a critical part of your design is a high-speed 
counter, then the counter benchmark should weigh more than 
other benchmark results, and perhaps even be the determin- 
ing factor. Do not mix benchmark results obtained under dif- 
ferent conditions (ie, automatic vs manual routing or opti- 
mized for capacity vs optimized for speed). 


Comments on prep benchmarks 

Using PREP benchmarks to measure programmable 
devices is like running benchmark programs to measure 
computer performance. Even though some benchmark pro- 
grams are extracts from real programs, real programs don’t 
resemble these benchmark programs at all. 

PREP benchmarks have the same problem: not enough 
benchmark circuits exist to represent all possible real design 
needs. PREP benchmarks are useful for applications similar 
to existing MSI circuits. They are small- to medium-sized 
circuits that are not necessarily useful for designing complex 
circuits such as video graphics. 

Remember, also, that the results of individual benchmarks 
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individual be 
marks are hi 


are highly architecture-dependent. Architecture dependen- 
cy explains why a device can have higher capacity than oth- © 
ers in one benchmark circuit but lower than others in anoth- 
er. CPLDs and FPGAs should use different benchmark 
suites because they differ from each other. 

PREP’s step-and-repeat method for filling 
up a device with repetition of the same 
basic circuit does not reflect real PLD 
applications. The step-and-repeat method 
emphasizes local interconnections and 
downplays global interconnections. 

Since benchmarks do not address other 
real-life factors such as power consump- 
tion, number of I/O pins, output-drive 
capability, packaging, 3-state capability, 
testability, in-circuit programmability, 
etc, data books are still important sources 
of information. 

The role of software in benchmark 
results introduces another complicating 
factor. Does the benchmark’s results 
reflect the software tools or the expertise of the designer 
using the tools? Remember that versions 1.2 and 1.3 of 
PREP’s benchmark results are different simply because 
tools changed. For example, some software can optimize a 
design, thus producing more-impressive benchmark results. 
Practitioners also disagree about just what constitutes 
“manual” routing. 

Also, vendors may concoct devices or software specifically 
tailored to the benchmark circuits. Thus, a device may have high 
benchmark ratings yet yield poor results for real applications. 

The computer industry has wasted considerable manpow- 
er on these improvements just to make inflated claims. What 
we really need is a universal design tool that allows design- 
ers to quickly benchmark devices using their actual designs. 

In spite of these limitations, however, PREP benchmarks 
do provide some useful information. I hope future improve- 
ments will make them even more useful. EDN 
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for this hair raising journey? 
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of the first hill. Prototypes 
are made. Budgets are set. 
Meetings are called. 

Well, thanks to reduced 
geometries and improved 
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You begin climbing. You 
feel the anticipation. But 
then there are last minute 
changes. Minor improve- 
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head for the marketplace, 
and production levels start 
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And when production 
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competitor's new feature. 

If you've gone with Xilinx, 
no sweat. Unlike gate arrays, 
you can make changes and 
still keep your product line, 
along with your company's 
profits, flying high. 

Then, one day, sales start 
slowing down. Your product 
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next generation. 
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time — than we are. 
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Embedded RISC wPs 


present new 


debugging challenges 


Roger Crooks, Tektronix Inc 


Embedded systems based on RISC Ps offer 
many advantages but present unique debug- 
ging challenges. Although a logic analyzer 
isn’t the only tool you need to meet these chal- 
lenges, it is an important one, and you should 
consider making it the cornerstone of your 
debugging strategy. 


High-speed RISC (reduced-instruction-set computing) tech- 
nology makes it practical to create embedded systems that 
previously would have been far too expensive and complex. 
Special-purpose chips (custom ASICs) enable these systems 
to deliver even greater performance at competitive prices. 
Although EDA (electronic-design automation) and CASE 
(computer-aided software engineering) tools make such com- 
plex designs possible, an inefficient debug environment can 
squander all of the time saved at the front end of the design 
process—particularly if the system under test contains a 
whole new class of complex debugging problems. 

This article will help you to better understand the behav- 
ior of RISC-based systems in real-time applications and will 
show you how to get the most out of the instruments you use 
for analyzing and debugging those systems. The intended 
results are shorter and less painful product-development 
programs. 

Most embedded systems handle some type of real-time 
input/output. The input may come from a disk drive, a robot- 
ics positioning sensor, an analog telecommunications link, or 
any device that is external to the embedded-system core. To 
function, the system’s embedded software must not only be 
logically correct, it must also perform correctly in the time 
domain. That is, it must process the data in a specified 
amount of time. Most real-time embedded systems are also 
event driven—they are controlled by data they receive from 
external sources. Embedded systems’ time-dependent 


nature makes debugging them especially difficult because 
many debugging tools ignore timing issues and provide infor- 
mation only on the software’s logic. 


Debugging in the time domain 

In most cases, software designers initially debug their 
code on a workstation or a PC. Although this approach elim- 
inates many logic errors, it is ineffective in debugging those 
features of a program that depend on hardware and time. 

Because of the event-driven nature of real-time systems, 
debugging in the time domain requires monitoring of code as 
it executes. This usually requires instrumentation such as a 
logic analyzer or an in-circuit emulator. These tools are espe- 


(CACHE MEMORY __ 


Loop_Begin_1 
Write FF to Test_Location_1___ TEST INSTRUCTION | 
CODE 
CODE 
CODE 
CODE 
Goto Loop_Begin_1 else goto Loop2_Begin 
Loop_Begin_2 
Write FF to Test_Location_2 __._ TEST INSTRUCTION 
CODE 
CODE 
CODE 
CODE 
Goto End else goto Loop_Begin_2 
End 
Write FF to Test_Location_3 ___ TEST INSTRUCTION |_| 


Fig 1—This pseudo code indicates that oe three instructions 
within two routines lets you use a logic analyzer for monitoring and 
timing analysis. The logic analyzer detects writes to unused memo- 
ry locations, Test_Location_1, Test_Location_2, and Test_Loca- 
tion_3. By writing specific values to a single test address and trig- 
gering on values of interest, you can reduce the test address 
requirements to one location. 
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cially effective for analysis of time-critical functions. Many of 
these instruments offer additional tools that allow timing 
analysis, performance analysis, or time-domain triggers. 
Time-oriented triggering may include triggering on mini- 
mum pulse widths or triggering when multiple counter/ 
timers overflow, revealing that a routine has not finished exe- 
cuting in a specified time. 

A real-time trace buffer that captures aspects of the pro- 
gram’s execution history is an effective tool for finding elu- 
sive problems in event-driven systems. The deeper the trace 
buffer, the better. Deep trace lets you look back in time to 
find the cause of problems. Often, problems don’t show up 
until some time after the event that precipitates them. 
Because of RISC processors’ limited instruction sets, high- 
level code compiles into more RISC machine-language 
instructions than CISC (complex-instruction-set computer) 
instructions. Although the RISC version of a program may 
execute faster, it usually takes more bus cycles, necessitat- 
ing a deeper trace buffer. 

Whereas many of the techniques discussed here apply to 
both RISC and CISC designs, developers who use RISC chips 
generally face more architectural issues. These characteris- 
tics include 

© very large caches, secondary caches, and deep pipelines, 
@ clock rates exceeding 30 to 50 MHz, 
@ the presence of other special-purpose pPs, 
® dense packages with hundreds of pins and very narrow 
pin spacing, 
e large numbers of registers or register sets, 
@ a limited set of simpler instructions, and 
® programs written in high-level languages rather than in 
assembly language. 
To understand their impact on debugging, you should exam- 
ine each of these aspects separately. 


Primary and secondary caches and pipelines 


Analyzing system behavior with the caches turned on can 
obscure a debugging tool’s view of actual performance. 


LOGIC ANALYZER USUALLY MONITORS DATA HERE. 


_ [TYPICAL RISC PROCESSOR 


SECONDARY PRIMARY 


MEMORY 


TURNING CACHES OFF BRINGS THE CPU CLOSER TO THE MEMORY 
BUS, ENABLING A LOGIC ANALYZER TO BETTER MONITOR THE 
ACTIVITIES OF THE CPU. 


Fig 2—You may want to monitor data on both sides of a secondary 
cache. This usually requires 64 to 96 additional channels (32 
address, 32 data, plus various control signals). Some secondary 
caches (the R4000’s, for example) are 64 to 128 bits wide. 
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Turning caching off allows logic analyzers and emulators to 
disassemble correctly and provides a better view of the code 
being executed—but changes the system characteristics, 
possibly masking real problems. Debug monitors can run 
with caches on, but when they hit a breakpoint, the cache is 
flushed, and its contents are lost—again changing the real 
operation of the system. You should debug a routine in two 
passes. In the first pass, turn the cache off and debug the rou- 
tine’s logic. On the second pass, turn the cache back on and 
ensure that the timing is correct. 

One way to verify the timing of a routine that executes 
from cache is to instrument the code with an instruction that 
lets you see what is happening. If you insert memory-write 
instructions into a critical routine that executes from cache, 
you can set up a logic analyzer to time the event and to mon- 
itor the memory location being written to or simply to mon- 
itor the progress of the routine’s execution. You can enhance 
this technique by writing various values, such as the address 
of the routine and the value of a key register, to the specified 
memory location. This approach allows more flexible trig- 
gering, qualification, and display (Fig 1). 

Another factor relates to context switching: The cache 
usually must be flushed and refilled before a new routine can 
start executing. To speed such switching, some RISC chips 
allow disabling the cache so that the program runs directly 
out of main memory. This is a dangerous practice. Although 
it may speed the context switch, it could reduce the overall 
speed of the interrupt handler, which now must run directly 
out of main memory. 

Secondary caches add another level of complexity. You 
must carefully control the two caches to make sure that no 
data are lost and that each cache remains filled with the cor- 
rect data (that is, the caches must maintain coherency). A 
logic analyzer with enough channels can monitor the input to 
both caches and verify that the correct data are being loaded 
into each cache at the proper time (Fig 2). 

Another difficult debugging chore is verifying burst-mode 
operations. Burst mode is a fast way to move data from main 
memory to cache. Rather than issuing an address for each 
memory location, burst mode issues a starting address and 
fetches data from sequential memory locations. This reduces 
the execution overhead because additional addresses need 
not be sent over the bus. Debugging burst-mode hardware 
requires an instrument fast enough to acquire the burst data 


WITHOUT 


THRESHOLD A PROBE 


WITH 
A PROBE 


THRESHOLD 


Fig 3—A fiber with high capacitive loading absorbs energy from 
the signal and changes its characteristics, sometimes masking 
problems. 
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and to reconstruct the entire sequence in either hardware or 
software. If the instrument is not fast enough, the missing 
data keeps it from displaying an accurate picture of the pro- 
gram execution. Instruments with inadequate speed accu- 
rately display only the first instruction of a burst. 


Faster clock rates 

Although fast clocks result in fast software execution, they 
can cause tremendous problems in hardware. Clock rates 
approaching 50 MHz require designers to consider each sig- 
nal and every physical path with care. RISC clocks, which 


15 NSEC 15 NSEC 


33-MHz CLOCK 15 NSEC 


INSTRUCTION INSTRUCTION INSTRUCTION INSTRUCTION 
FETCH FETCH FETCH FETCH 


66-MHz EFFECTIVE CLOCK 
RATE 


Fig 4—When a RISC P fetches instructions on both edges of the 
clock, the effective clock rate doubles, requiring a logic analyzer that 
can or ey state data at the doubled clock rate (66 MHz in this 
example). 


9 Trigger on maximum pulse width violation 
10 Trigger on mintmum pulse width violation 
Heasure pulse width 
Trigger on sample 
Trigger on Nth occurrence of sample 
Trigger N cycles after sample 
Trigger when Sample 0 is followed by Sample 1 
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Fig 5—The logic analyzer triggers to measure a setup-and-hold violation. Preprogrammed 


trigger setups simplify complex measurements. 
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have rise times as short as 1 nsec, cause problems that are 
very difficult to isolate. 

High clock rates can result in crosstalk—causing noise on 
physically close signal lines. When a location is suspect, one 
approach is to cut the signal lines in question and reroute 
them outside the area of concern. This work-around may cure 
the crosstalk, but it introduces other problems, such as 
uncontrolled impedance and changes in the signal character- 
istics. Further, improper termination of fast signals can 
cause reflections that, when large enough, can change the 
input characteristics of devices along that signal line. In all 
of these cases, attaching a scope or logic-analyzer probe to 
the suspect line can change the characteristics of the signal 
and cause the problem to vanish, resulting in extreme frus- 
tration (Fig 3). 

To accurately debug problems of these types, you need 
advanced probing systems. When working with RISC tech- 
nology, you need oscilloscope and logic-analyzer probes that 
introduce low capacitive loading. Such probes have minimal 
impact on signal characteristics and let you track down real 
problems instead of phantoms caused by your instruments. 

Besides clocking at high rates, some RISC processors fetch 
data at both edges of the clock (two instructions per cycle). 
This effectively doubles the clock rate at which instruments 
must acquire data and trigger (Fig 4). 

Slower clocks allow enough time for signals to propagate 
through interconnecting cables and sockets. As signals 
speed up, a design’s margin for propagation delays (the time 
for a signal to get from one area of a board to another) 
decreases. In synchronous systems, each device has a setup- 
and-hold-time specification. As signal speeds increase, 
setup-and-hold time shrinks, and sig- 
nal skew (the difference among the 
arrival times of the same signal—or 
supposedly simultaneous signals—at 
different points) requires closer 
scrutiny. 

When a device’s setup-and-hold 
times are “on the edge,” metastability 
is a common problem. Monitoring sig- 
nals to detect skew-related problems 
requires a fast oscilloscope or an accu- 
rate logic analyzer with resolution of 1 
to 2 nsec. Be sure that the channel-to- 
channel skew specifications of the 
instrument do not mask the actual 
skew in the system. Also, look for a 
logic analyzer that can measure setup- 
and-hold violations. It should offer low 
capacitive loading and fast triggering 
(Fig 5). 
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Designs with multiple processors 
Many embedded systems now incor- 
porate multiple processors in a redun- 
dant architecture, a master-slave con- 
figuration, or a parallel-processing 
scheme. Special-purpose pPs like 
DSPs are usually paired with a fast 
CPU to perform complex operations 


Display 


EDN August 4, 1994 » 107 


EDN-DESIGN FEATURE 


DEBUGGING RISC-BASED EMBEDDED SYSTEMS 


such as real-time data acquisition and processing. Although 
modern RISC and CISC architectures enable multiple 
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Fig 6— Two ,.Ps are being monitored. A time-stamp correlates the two displays. The linked- 
cursors feature lets you scroll one display and keep the second display perfectly aligned. 
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Fig 7—As functions are executed, a debug monitor loses informa- 
tion. For example, it loses track of subroutines that have been called 
but haven’t finished executing. The logic analyzer provides a com- 
plete history of execution. 
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processors to work together with relative ease, few debug- 
ging tools have kept pace with multiple-processor designs. A 
modern logic analyzer can be extreme- 
ly valuable in multiprocessor systems. 

Many recently introduced logic ana- 
lyzers can monitor and time-correlate 
the activity of multiple processors. The 
analyzers perform time-correlation of 
multiple wPs by time-stamping data as 
the acquisition system gathers it. The 
more accurate the time stamp, the bet- 
ter the correlation. Look for time 
stamps with resolutions of 10 nsec or 
finer (100 MHz or higher). 

Logic analyzers with split-screen 
displays can show the behavior of any 
two processors at one time. Analyzers 
with a “link-cursor” feature allow you 
to scroll one display while the second 
scrolls in perfect time alignment. 
Using this feature lets you monitor 
how one processor passes data to 
another and verify that redundant sys- 
tems are actually executing in syn- 
chronism. In parallel systems, moni- 
toring processing time helps you to 
balance the computing load among the 
processors. A common problem in mul- 
tiprocessor systems is stale data in 
caches. Logic analyzers can help pin- 
point this problem (Fig 6). 
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High-level languages and code optimization 
Many designers of embedded systems write time-critical 
routines in assembly language. This approach provides 
absolute control over what is happening in a system and 
allows better control over hardware. But RISC wPs are near- 
ly impossible to program in assembly language because of 
their large number of registers, their limited number of 
instructions, and their need for code optimization. Of these 
problems, code optimization is the most difficult to handle. 
As a result, development-tool suppliers have put a great 
deal of effort into the design of optimizing compilers for 
RISC pPs. Traditional code-optimization techniques include 
peephole optimization and the elimination of dead and redun- 
dant code. Some optimizing compilers speed loop-routine 
execution by analyzing loop code and moving nonessential 
code outside the loop. Compiler designers understand such 
techniques fairly well, but RISC presents unique problems. | 
To achieve the optimum RISC performance, the compiler 
rearranges the machine-language instructions’ execution | 
order. The idea is to take advantage of the wP’s architecture 
to help achieve the goal of executing one or more instructions 
per cycle. Without this optimization, performance suffers. 
Optimization takes place in two stages. The compiler is run 
once and the output is evaluated. During the second stage, 
instructions are reordered to keep the execution unit work- 
ing full time. This analysis is complex and, in some cases, may 
be incorrect. Often, a compiler bug occurs only with a spe- 
cific sequence of instructions; changing the execution order 
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can make the error disappear. Because of the sheer number 
of possible combinations, it is practically impossible for a 
compiler vendor to test them all. 
When things should work but don’t, you can use a logic 


COST-EFFECTIVE DEBUG WITH ENTERPRISE INSTRUMENTATION 


Combining logic analyzers and soft- 
ware debug tools works well if you can 
integrate the tools in your engineering 
environment. This is the basic concept 
behind Tektronix’s Enterprise Instrumen- 
tation strategy. By employing the net 
work capability on the DAS and TLA 
families of logic analyzers, users can 
easily implement the strategy outlined in 
the article and shown in Fig A. 
Enterprise instrumentation requires 
two fundamental capabilities: 
@ remote control of instrumentation 
over a LAN and 
@ the ability to share data between 
development and debug tools. 
With remote control, a developer at 
a workstation can set up and run a logic 
analyzer, display the results, monitor 
the prototype that is being debugged, 
and apply stimuli to it. The ability to con- 
trol the prototype is critical during 
debugging, as you frequently need to 
reset the prototype or generate an inter- 
rupt. With Tektronix’s 92PORT tool, you 
can stimulate eight lines and monitor 
eight lines on your prototype via a LAN. 
It is often difficult to correlate the 
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data acquired from a logic analyzer 
with what is happening in the software. 
You have to refer to a link map to trans- 
late an address to a location in the high- 
level program. With a link between the 
compiler and the logic analyzer, you 
can view the actual compiler function 
names in the logic-analyzer display. 
Tektronix’s LA-Connect program pro- 
vides links between most compilers and 
Tektronix logic analyzers. : 

Currently two LA-Connect vendors, 
Concurrent Sciences Inc and Microtec 
Research, provide suites of high-level 
debuggers, debug monitors, compilers, 
and links to other vendors’ compilers. 
These tools coupled with Tektronix logic 
analyzers, enable you to put together a 
comprehensive and cost-effective devel- 
opment environment for today’s latest 
and most powerful wPs. These environ- 
ments can reside on a variety of PCs 
and Unix workstations. 


How the link works 

The keys to an effective hardware/ 
software debug environment are proto- 
cols that link design information to the 
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Fig A—LA-Connect and Enterprise Instrumentation provide a modern, cost-effective, 
networked-based hardware/software debug environment. 
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analyzer to monitor the actual assembly instructions in the 
vicinity of the problem code. Careful analysis of the execu- 
tion trace helps to determine if there is indeed a compiler 
bug. Compiler vendors, once informed of the specifics of a 


logic analyzer. Converter programs 
can extract symbolic information from 
the compiler’s output (object module) 
and download the data to the logic ana- 
lyzer. The advantage of linking to the 
object module rather than to the com- 
piler or debugger itself is that object- 
module formats are essentially lan- 
guage-independent. IEEE-695, COFF, 
OMF86, OMF386, and Extended 
TekHEX are examples of popular object- 
module formats and load modules used 
with various Ps and languages such as 
C, C++, Ada, and Pascal. 

The benefit of this strategy is that all 
of these tools already exist in most orga- 
nizations. The hardware group proba- 
bly use a logic analyzer to debug the 
hardware, and the software group 
probably has the source-level debugger 
and debug monitor. Knowing how to 
link these tools effectively and use them 
throughout the design is the key to a 
cost-effective and productive design- 
team environment (Fig B). 


a 


Fig B—From a networked workstation, a 
user can switch among tools and view 
acquired data on a single screen. A work- 
station running Microtec Research’s Xray 
debugger controls a DAS 9200 system. 
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DEBUGGING RISC-BASED EMBEDDED SYSTEMS 


problem, can quickly correct the compiler or formulate a way 
to work around the bug. | 

Superscalar processors do not present too many unusual 
debugging problems, but they can greatly impact the com- 
piler. Just as a compiler must reorder instructions for a deep 
pipeline, it must do the same for a superscalar processor. The 
goal for code optimization in both types of architectures is to 
keep the processor executing one instruction or more per 
clock cycle while avoiding unnecessary branches or breaks in 
program flow. These breaks cause pipeline stalls, which slow 
throughput. 


Software and hardware breakpoints 

Debugging real-time embedded systems requires a high- 
level-language debugger with both software and hardware 
breakpoints as well as real-time trace. Software breakpoints 
stop program execution just before the execution of an 
instruction. These breakpoints are usually implemented by 
replacing the target instruction with a trap that transfers 
control to a debugger—usually a debug monitor or an emula- 
tor. When execution resumes, the actual instruction is 
inserted back where it was and is executed. Caches or deep 
pipelines do not affect software breakpoints, because the 
breakpoints stop execution when the instruction arrives at 
the CPU. 

Because deep pipelines and caches are common in the 
RISC world, using software breakpoints is especially effec- 
tive when debugging code execution. Although a logic ana- 
lyzer cannot generate a software breakpoint by itself, team- 
ing a logic analyzer with a debug monitor results in a 
powerful combination. (See box, “Cost-effective debug with 
enterprise instrumentation.”) 

Hardware breakpoints, on the other hand, are essential for 
debugging ROM-based programs or when it is necessary to 
stop on data reads or writes. Hardware breakpoints require 
some type of instrumentation—either a logic analyzer or an 
emulator—to monitor the address and data buses. When the 
instrument detects the desired event, it generates a trigger, 
which causes control to pass to the debug monitor. (An emu- 
lator stops the processor directly.) Hardware breakpoints 
usually work well with caches because most caches are set up 
to be bypassed on a data read or write; thus, data reads and 
writes usually are seen on the same bus cycle as the actual 
instruction. 

With RISC chips, the deep caches and pipelined architec- 
tures cause long delays between instruction fetches and exe- 
cution. These delays make hardware breakpoints ineffective. 
Often the cache is flushed before the instruction is even exe- 
cuted. Most logic analyzers and emulators work best with the 
cache turned off. But this changes the operating character- 
istics of the system and may mask some time-dependent 
bugs. Efficient debugging requires a combination of both 
hardware and software breakpoints. 


Problems with large numbers of registers 

Large numbers of internal registers increase the time 
needed to do a context switch. This problem occurs because 
more registers have to be saved on the stack. Even in archi- 
tectures, such as SPARC, that have register windows, the 
state of the processor must eventually be saved. When the 
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original routine resumes, register data are retrieved from 
the stack, and execution continues. Since context-switching 
time is critical in many embedded systems, you can be tempt- 
ed not to save all of the registers, but this approach adds 
another level of complexity to the verification effort. You 
must make sure that all of the needed registers are saved and 
that no routine uses a register that is not saved. In an event- 
driven system, you cannot always control the flow of events, 
so careful management of the stack is critical. 

Errors often occur as a result of context switching. 
Although you can easily debug errors in saving and restor- 
ing registers, more elusive problems occur with nested rou- 
tines. Each context switch pushes data onto the stack. When 
a return is executed, the data are fetched from the stack and 
the stack pointer is moved. Nested routines cause the stack 
to grow, and if you have not allocated sufficient space to the 
stack, the stack can grow into the code or data space and cor- 
rupt the program. 

Another type of stack problem is improper handling of the 
stack pointer. An off-by-one error is a common problem that 
causes the stack to grow gradually until it overflows (a mem- 
ory leak). This type of problem appears randomly because it 
depends upon how the program executes. Stack-pointer 
errors that occur when data are pushed onto the stack do not 
show up until the data are popped back off. 

A logic analyzer is an efficient tool for debugging a stack- 
overflow problem. Setting a range recognizer to monitor the 
valid stack space causes the logic analyzer to trigger if the 
stack grows outside this address range. In addition to detect- 
ing the event, a logic analyzer can look at a trace of the con- 
text switch and determine what code caused the stack to 
overflow. Debug monitors that show a trace of subroutine 
calls leading up to a breakpoint see forward calls only to sub- 
routines that haven’t returned (that is, ones that haven’t 
completed execution). In contrast, a logic analyzer shows a 
complete history of execution (Fig 7). 

Hardware and software debugging go hand in hand with 
the design of RISC-based systems. Understanding RISC 
technology’s inherent problems and the tools available to fix 
them helps you to get your product to market faster. Effec- 
tive debugging of RISC-based systems starts with selecting 
the right instrumentation and the most effective debug 
strategy. EDN 
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New philosophy aids shift 


from schematic-based 
to HDL-based design 


Charles F Shelor, Shelor Engineering 


Using HDLI-based techniques for developing 
hardware is similar to using high-level lan- 
guages to develop software: An object-oriented 
design philosophy is directly applicable. 


The critical path in a hardware-development schedule often 
involves the development of an ASIC—a gate array, a stan- 
dard-cell array, a “compiled” silicon device, or programma- 
ble ICs, such as a field-programmable gate array (FPGA) or 
a complex PLD (CPLD). An ASIC that isn’t ready on time 
or that fails to operate in a system (even after passing all of 
its test vectors) can delay a project by months. You can 
improve your productivity as an ASIC designer by using a 
hardware-description language (HDL) and logic synthesis, 
but HDL requires a new design philosophy to be most effec- 
tive. A successful transition from schematic- to HDL-based 
design involves facing a number of different issues. 

The transition to HDL-based design isn’t difficult, but it 
does require some planning to avoid unexpected complica- 
tions. Development of electronic hardware using HDL design 
techniques is similar to development of software projects 
using a high-level language. In particular, an object-orient- 
ed design philosophy is directly applicable, especially when 
using VHSIC (very-high-speed integrated circuits) Hard- 
ware-Description Language (VHDL). 

To make a conscious transition from schematic- to HDL- 
based design, you must first be fully cognizant of details in 
the schematic-design process. A schematic doesn’t just 
show how electronic components connect; it also provides 
information that helps you understand how a circuit oper- 
ates. This information consists of component functionality, 
data dependencies or data flow within the circuit, feedback 
paths, locality of signals, and parallel vs sequential opera- 
tion. Looking at Fig 1, digital circuit designers will imme- 
diately recognize Ul as an AND gate, U2 and U4 as rising- 
edge-triggered D flip-flops, and U3 as an exclusive-OR gate. 
Fig la shows Mil-STD-806C and ANSI-STD Y32.14 1 stan- 


dard logic symbols. Fig 1b shows ANSI/IEEE-STD-91- 
1984 2 logic symbols. 

As component complexity increases, representing func- 
tionality with visual graphics becomes more difficult. Fig 
2’s symbols illustrate how complex symbology can get with 
MSI components. With LSI and VLSI components, symbols 
indicate only input or output, active-high or -low operation, 
level- or edge-sensitive triggering, and the type of drivers 
used for outputs. 


Schematics and implicit information 

Most good circuit designers provide a lot of implicit infor- 
mation on a schematic. Information flow, for example, nor- 
mally goes from left to right. Vertical alignment typically 
represents operations that occur concurrently, although it 
may also represent independent operations. Many pipelined 
designs indicate stage synchronization by vertical align- 
ment. Inputs normally appear on the left side of a schematic, 
and outputs appear on the right. Feedback paths appear as 
prominent signals that loop from right to left. Short signal 
lines connect only a few components; longer lines with many 
connections indicate a signal with greater scope. A special 
flag symbol indicates that a signal is nonlocal and provides a 
reference to the page or schematic coordinate of additional 
signal segments. 

Rarely do schematics have attached notes that state any 
assumptions about the presentation of information. Someone 
looking at a schematic expects to get a lot of information in 
an implicit context from a style that designers have adopted 
via tradition. 

Unfortunately, a textual source listing of HDL code 
doesn’t provide all the information contained in a schemat- 
ic’s graphics. Although some of the graphical information is 
available—you have to provide names of interface signals 
and the directions of signal flows when you define VHDL 
components—other information doesn’t easily fit into the 
HDL process. Signal feedback, locality, and sequenced vs 
parallel operation, for example, have no explicit graphical 
representation in HDL code. The HDL-development 
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process must recognize these deficiencies and provide a 
means of compensation. When experienced circuit design- 
ers are just becoming familiar with HDL-based design, 
they often express a feeling of discomfort with the process. 
However, after being shown methods that compensate for 
information loss, they realize that information loss was the 
source of their discomfort. 

The fact that missing information is indeed a problem is 
evident in the popularity of graphical tools as front ends to 
HDL design. Using graphics to show interactions among 
blocks or subcomponents of an HDL design is a popular 
approach. Several tools support transitions between graphi- 
cal and HDL implementations; other tools translate state dia- 
grams, spreadsheet-style Boolean tables, and other graphi- 
cal representations to HDL implementations. 


Methodology overcomes information loss 

You can reduce or eliminate some of the problems that 
result from information loss by combining features of HDL 
with a consistently applied methodology. For example, recog- 
nition of a signal as input, output, or bidirectional is explicit 
in VHDL in the port mode declaration, so a naming conven- 
tion for port signals can provide distinguishing information. 
For instance, “sname_c” can express a signal name (sname) 
and a code (c) that represents signal characteristics. A con- 
vention for the code could be 


Fig 1—A schematic provides much more information than just show- 
ing how things connect. Graphic symbols—shown here in military 
(a) and ANSI (b) forms—show, among other things, component 
functionality. You can lose useful information such as this in HDL- 
based design unless you take precautions. 
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b—active-high bidirectional 

c—active-low bidirectional 

f—falling-edge input 

i—active-high input 

j—active-low input 

n—active-low output 

o—active-high output 

r—rising-edge input. 

Comment statements in an HDL listing can supply other 
missing information. For example, a short comment on each 
signal can indicate the signal’s purpose and its intended 
source or destination(s). You should also document feedback 
paths with comments. In some cases, the use of good com- 
ments actually overcomes some schematic shortcomings. 
With comments, you can explain why you selected a particu- 
lar design approach, something that a schematic doesn’t eas- 
ily allow. Likewise, you can list other design approaches and 
explain why you rejected them. 

HDL-based design can also free you from some unneces- 
sary details. In schematic-based design, you work with avail- 
able components in design libraries; even with ASICs and 
FPGAs, there is an underlying library of cells or macros. The 
HDL hides this library, freeing you from the details of clock- 
enabled flip-flops, active-high or -low presets or clears, and 
the number of inputs available for various gate functions. 
Your logic-synthesis tool accounts for these details much as 
a high-level-language compiler generates appropriate 
addressing modes in machine language from high-level 
source-program input. 

The freedom from these structural details, however, does 
increase your responsibilities in some ways. For example, you 
must remember to provide for initialization of your imple- 
mentations without the obvious reminder of an unconnected 
reset pin “dangling” on a schematic. You must also determine 
which signals should be stored and which signals are combi- 
natorial. You must describe an interface in sufficient detail 
to distinguish correct and incorrect usage. These problems 
are not normally evident in small designs; they appear in the 
integration stages of large designs. 


Get it right the first time | 

Two major productivity factors apply to large designs. For 
initial developments, getting the design right the first time 
is the most important factor, and the costly mistakes are 
those that impact interfaces. You can’t discover an error until 
you integrate the components that use that interface. Then, 
when you make the design changes required to fix the error, 
you invalidate earlier tests, requiring their repetition. You 
might even need another pass of silicon for the ASIC, with a 
tremendous impact on cost and schedule. 

For subsequent derivative developments, the most impor- 
tant productivity factor is reuse of prior effort. Every reuse 
of a tested component from a prior design reduces the cost, 
schedule, and risk of a current effort. This factor applies 
equally for schematic- and HDL-based designs. The reuse of 
bigger components provides larger reductions in schedule, 
cost, and risk. One of the main reasons for using HDL and 
logic synthesis in development is to generate larger ASICs. 
Therefore, most designers making the transition from 
schematic- to HDL-based design are also generating larger 
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ASICs. The opportunities for the reuse 
of larger components increase with 


larger ASICS. PIPELINE REGISTER 
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right the first time is verification of : q 1° (REGISTER SELECT) 
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opment. In software development, the 
increased complexity of products has 
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archy. Software engineers formalize 
the hierarchy levels as units, compo- 
nents, and configuration items. Units, 
the lowest level of the hierarchy, get 
implemented directly in the source 
code. To implement components, which 
represent one or more intermediate 
levels of hierarchy, software engineers 
integrate collections of units to obtain 
higher levels of capability. The top-level 
hierarchy, called a configuration item, 
results from assembling components 
into a complete software product. 

Each of these levels of software devel- 
opment has a set of documentation that 
includes requirements, design, imple- 
mentation, test, and integration. The 
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rarely require more than configuration- 
item documentation for hardware. Suc- 
cessful, well-organized, HDL-based 
designs should use a simple, inexpen- 
sive method of documenting require- 
ments and design at the component 
hierarchy. 
Some commonly recognized steps of 
a typical development process are: 
@ the generation of a schematic (con- 
sidered to be design) 
@ fabrication of a circuit board (imple- Fig 2—As component complexity increases, schematics become less effective at represent- 
mentation) ing functionality. They are object-oriented in that they hide low-level detail. 
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Fig 3—A design may seem object-oriented when it is not, as illustrated by this eight-channel serial interface with DMA. Although the func- 
tional blocks (a) seem like a good set of objects, the registers for different channels have addresses that are intermixed (b). 


@ making the board operational in the laboratory (test) 
@ plugging the board into a box (integration). 

These steps do not constitute the lowest level of a develop- 
ment hierarchy, however. The design, implementation, test, 
and integration efforts of the lower hierarchy levels rarely 
get formalized. Design, for example, occurs when you parti- 
tion boards and ASICs into smaller units and determine the 
interfaces among the units. Block diagrams represent these 
designs, and very large designs have multiple levels of block- 
diagram hierarchy. 

Design implementation occurs when you produce the next 
lower level block diagram, when you draw schematics, or when 
you write HDL programs. Testing at the lowest level occurs 
via simulation of individual blocks or HDL code sections. 
Integration consists of reconstructing your block diagrams, 
using schematics or HDL code sections, and testing the con- 
nected blocks as larger units. After the completion of each 
level of integration, development continues with the next 
higher level of the hierarchy. Treating the block diagram as a 
formal design step in the development process is a concept 
that is initially awkward for many designers, but it is a key 
concept for successful top-down development of large designs. 


Design reuse boosts productivity 

The largest potential productivity gain comes from 
reusing design pieces. To reuse a design piece, you must be 
aware of what pieces exist, what functions they provide, what 
prerequisites they need, what limitations they have, and 
what testing they have undergone. An original design that 
requires a 19,200-baud asynchronous serial channel with 7 
bits and odd parity would not be reusable for a design that 
needed a 38,400-baud asynchronous channel with 8 bits and 
no parity. However, if the first design implemented an asyn- 
chronous serial interface with programmable bit length, par- 
ity, and baud rate, the first design would be directly reusable 
by the second design. 

Schematic-based development doesn’t guarantee 
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DEVICE = 
| CONTROL L2. 


CHANNEL H 


CHANNEL A 


DMAC SERIAL IN 
DMAC SERIAL OUT 


BUS 
INTERFACE 


CHANNEL 
CONTROL 


_ ADDRESS _ FUNCTION 


CHANNEL A DMA ADDRESS 
CHANNEL A BLOCK LENGTH 
CHANNEL A INTERRUPT VECTOR 
CHANNEL A DATA REGISTER 
CHANNEL B DMA ADDRESS 


Fig 4—Object-oriented techniques make designs reusable. As shown 
here in (a), each interface channel comprises five smaller objects: two | 
single-channel DMA controllers, serial input, serial output, and chan- 
nel controller. Register addresses (b) are sequential for each channel. 


reusability, however, even when you build in provisions for 
reuse. Incompatible library elements can result from 
changing ASIC vendors or even a technology change from 
the same vendor. With HDL-based design and logic syn- 
thesis, however, dependence on vendor and technology 
implementation practically disappears from a design. The 


Yes, you can do it! 


Motorola’s new low-voltage CMOS logic devices 
let you juggle easily between 5V and 3V. 


Some 3V logic families can interface 
only with 3V products, while others 
can only handle 5V input levels but 
not SV levels on the outputs. 
Motorola’s new LCX Low-Voltage 
CMOS devices feature 5V tolerant 
inputs and outputs, allowing easy 
transition to 3V/5V systems or to pure 
3V. 

Developed on a set of common 
specifications jointly established by 
Motorola, National Semiconductor 
and Toshiba, the LCX family was 
created to standardize the next 
generation of high-performance, low- 
voltage CMOS logic. It’s aimed at 
low-power, portable systems where 
power consumption is the major 
concern, as well as at high-end, 
advanced workstation systems where 
performance is critical. 


LCX Features 
¢ Designed for 2.7V to 3.6V 
(and up to 5V) Vcc Operation 


¢ SV Tolerant—Interface Capability 
with 5V TTL Logic 


¢ Fully Supports PCMCIA Interface 
Applications 
¢ LVTTL Compatible Inputs 


¢ LVTTL and LVCMOS Compatible 
Outputs 


¢ Near Zero Static Supply Current in 
All Logic States (10pA) 


e 24mA Balanced Output Sink and 
Source Capability 


¢ Operating Temperature Range 


INITIAL LOW- VOLTAGE 
5V-TOLERANT DEVICE OFFERING 


MC74LCX240 - OCTAL BUFFER 
MC74LCX244 - OCTAL BUFFER 
MC74LCX245 - OCTAL TRANSCEIVER 
MC74LCX373 - OCTAL TRANSPARENT LATCH 


MC74LCX374 - OcTAL D-TYPE FLIP-FLOP 


MC74LCX646 - OCTAL TRANSCEIVER / REGISTERED 
TRANSCEIVER 


MC74LCX652 - OCTAL TRANSCEIVER / REGISTERED 
TRANSCEIVER W/ DUAL ENABLE 


LCX Benefits 

e 5V interface capability enables the 
use of mixed voltage technologies in 
system design 

¢ Expedites development of low- 
voltage systems 

e Permits greater design flexibility 

e Improves system performance by 
drastically reducing dynamic power 
consumption 

e Provides low-voltage TLL interface 

e Multiple pin-for-pin and spec- 
compatible product sources* 


Milton Keynes MK14-5BP, United Kingdom 
Please send me your LCX #PAK102/D. 


Name 


To: Motorola Ltd., European Literature Centre, 88 Tanners Drive, Blakelands, 


More LCX Ahead 

Additional octal devices are being 
planned by Motorola. Motorola’s LCX 
family will be offered in industry- 
standard SOIC and TSSOP packages. 


Get More Information Now! 

Ready to perfect your 3V/5V 
juggling act? Send the coupon below, 
or write Motorola Ltd., European 
Literature Centre, 88 Tanners Drive, 
Blakelands, Milton Keynes MK14-5BP, 
United Kingdom. Ask for LCX 
#PAK102/D. 


* Packaging options for 24-pin products may vary. 
Contact each company for details. 


(AA) MOTOROLA 


Motorola and (SY are registered trademarks of Motorola, Inc. 


640EDN080494 


Title 


Company 


Address 


City 


State Zip 


Call Me ( ) 


Se ae nea ee a ee 


EDN-DESIGN FEATURE 


HDL-BASED DESIGN 


situation is analogous to the use of a high-level language for 
software development. In fact, HDL-based hardware devel- 
opment is so similar to software development that the dom- 
inant HDLs are based on successful software languages 
such as C, Pascal, and Ada. Logic-synthesis tools accept the 
HDL definition and generate gate-level implementations, 
much like a computer-language compiler produces machine 
instructions from source code. 

Like structured programming in the 1970s and early 
1980s, HDL-based design has been accompanied by top-down 
design with limited success. But, like structured program- 
ming, top-down design isn’t necessarily bad, just insufficient 
by itself. In software development, object-oriented develop- 
ment provides some important missing details. 

With schematic-based hardware development, designers 
have been constrained to producing object-oriented 
designs. Schematics, after all, are composed of an inter- 
connection of library component objects. The advent of 
ASICs and HDL-based logic synthesis, however, allows the 
hardware engineer to escape the bounds of object-based 
development and get mired in the swamp of unstructured 
implementations. 


Object vs function 
Often, the distinction between an object-oriented design 


and a functionally oriented design is subtle. Consider, for 
example, an eight-channel, multiple-protocol serial inter- 


Buyer in Trouble #8 


IR. Aloser ; 


Borderline Stupid 


“T thought once transformers were shipped out of the 
country they were automatically international . You say 
Prem has an international series of power transformers that 
are usable just about anywhere? (CLICK!) Hello...Hello... 


I really shoulda called Prem. 
You oughta call Prem!” 


Where Quality Really Counts! 


For Prem’s new catalog or additional product information, call or write 
Prem Magnetics, Inc. 
3521 North Chapel Hill Road, McHenry, IL 60050. 
Phone: 815-385-2700. FAX: 815-385-8578. 
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face with DMA. A possible first-level design of the device 
(Fig 3a) places all of the DMA logic in a block, all of the ser- 
ial logic in a block, and all of the interrupt control in a block. 
When labeled as DMA controller, serial interface, and 
interrupt controller these blocks seem like a good set of 
objects. They seem reusable any time you need an eight- 
channel DMA controller. The original purpose, however, 
was not to build a universal DMA controller, but to build 
eight channels of serial interface. The software interface 
for the new design would be awkward, because the various 
registers for the channels would have addresses that are 
intermixed (Fig 3b). 

A better organization for the registers, shown in Fig 4, 
allows the software to encapsulate the serial-interface con- 
trol into a single Ada record, a C structure, or a C++ object. 
(The implementation of this design could also encapsulate the 
interface control into a VHDL record.) Each interface chan- 
nel comprises five smaller objects: two single-channel DMA 
controllers, serial input, serial output, and channel con- 
troller. Reuse of components can be applied at several levels, 
making the generation of a 6- or 11-channel device much eas- 
ier than using the original design. 

Another advantage of this partitioning is the reduction 
in global wiring for interconnecting blocks. The intercon- 
nection and routing of long signals in ASICs can consume 
a large amount of silicon and time. Minimizing global inter- 
connect or top-level wiring results in smaller, faster 
devices, corresponding to the software guidelines of maxi- 
mum cohesion and minimum coupling. A quick metric for 
partitioning evaluation is the sum of the ports at a hierar- 
chy multiplied by the hierarchy’s distance from the bottom. 
Larger values for this number represent more dif- 
ficult routing of the design. This partitioning also reduces 
the possibilities of inadvertent interactions among the 
channels. 

You should apply the principles of object-oriented design 
at each level of the hierarchy, such that the final object, the 
ASIC, is composed of smaller objects. Each of the smaller 
objects, in turn, is composed of even smaller objects, con- 
tinuing until each object is small enough for easy imple- 
mentation as an HDL unit such as a VHDL entity. The 
resulting structure is easier to implement, test, and inte- 
grate, and it provides objects that are reusable in future 
projects. EDN 
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SERIES FOR DESIGN ENGINEERS 


Simplified Design 
of Linear Power 
Supplies 


John D. Lenk 


¢ No previous design experience is required to 
use the techniques described 


¢ All popular forms of linear supplies are covered in 
detail (including zener, 3-terminal, feedback, 
current foldback, op-amp, series, shunt, and IC 
package) 


Simplified Design of Linear Power Supplies is an all- 
inclusive, one-step guide to linear power supply 
design, using step-by-step instructions and diagrams. 
The first half of the book describes how linear power 
supplies operate and explains what is required to 
design such supplies. The second half provides 
specific design examples, using the techniques 
described in the first half. The basic approach is to 
start design problems with approximations for trial- 
value components in experimental circuits, then to 
vary the component values until the desired results 
(input/output, voltage and current, line and load 
regulation, ripple rejection, noise, etc.) are produced. 
The design examples can be put to immediate use as 
is, or can be modified to meet a specific design goal. 


CONTENTS 
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Marty Brown 


¢ Provides easy-to-follow, step-by-step procedures 
for every phase of power supply design 


e Trains the technician or engineer, regardless of 
their discipline, to complete a complicated power 
supply design in less than one day 


The Power Supply Cookbook 1s organized in such a 
way as to permit you to design a complicated power 
supply to fit your needs in less than eight hours. It 
covers every phase of design from magnetics design 
and feedback loop compensation design to RFI/EMI 
control. In addition, this practical reference provides 
common industry design approaches with explana- 
tions for ease of implementation. No other book 
discusses the noise and layout issues involved in a 
design and then weaves its importance into practical 
design examples. 


CONTENTS 
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“You need only a resistor to convert a voltage to a current, but to convert 
accurately, the resistor voltage must ignore the load voltage.”’ 


< A Designer’s Guide to Precision DC Current Sources 


“A variety of tricks and techniques enhance the basic 
linearity, sensitivity, and stability of Wheatstone bridges.”’ 


ee BRIDGE Ga 
A Designer’s Guide to Bridge Circuits > DGE circ UITS 


DESIGNER’S GUIDE TO A DESIGNER’S GUIDE TO 
PRECISION DC CURRENT SOURCES’ BRIDGE CIRCUITS 
BY JERALD GRAEME BY JIM WILLIAMS 


This 3-part designer’s guide shows you the fine art of Bridge circuits are among the most elemental and powerful 
designing, analyzing, and trimming accurate, stable dc current tools a designer has. They are used in measurement, switching, 
sources. This original, 18-page collection by Jerry Graeme—a oscillator, and transducer applications. If you’re interested in 


prolific author on the subject of analog design—offers a wealth learning about bridge circuits from Jim Williams—a specialist 
of information on how current sources work and how to analyze in analog-circuit and instrumentation design—now’s your 


basic current-source circuits. chance. Order you own copy of EDN’s Designer’s Guide to 
Jerry Graeme discusses and analyzes several circuits that use Bridge Circuits.- This guide will help you choose anid design the 
pairs of op amps. One of these circuits produces positive and circuit that’s most appropriate for your application. In the first 
negative current, which you can adjust through zero current. part of this guide, you’ll learn about dc and pulsed methods for 
The Designer’s Guide also shows you how to control current bridge-circuit signal conditioning. In the second part, Jim 
sources digitally. You'll find out that a current-output digital- describes ac-driven bridges, which you’ll find in specialized 
to-analog converter may not be the best choice for a current applications. Also included in this section are guides to 
source. distortion measurements and bridge interfaces. 


CALL TOLL-FREE 800/523-9654 OR MAIL COUPON TO: CAHNERS REPRINT SERVICES, 
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____ copies of the combined set of A Designer’s Guide to Name 


Precision DC Current Sources and A Designer’s — Company 
Guide to Bridge Circuits $17.25 Addiess (No RO Bex) 


Note: All prices above include shipping & handling. City Site Zip 
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Dan Strassberg, EDN 
1991 352pp. clth 07506 91662 $44.95 (£30.00) 


Based on the EDN Series, with 20% NEW material 
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Robert Pease, National Semiconductor 
"Here's a chance to take advantage of [Pease's] years of experience 
designing analog circuits--and working the bugs out of them. This 
book is for you whether you're designing analog circuits at the board, 
box, system, or IC level." Electronic Design 

1991 208pp. cloth 0 7506 9184 0 $32.95 (£19.95) 
Loaded with practical information 
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This is a comprehensive reference on proper selection, specification 
and application guidelines from one of the world's largest sealed-cell 
manufacturers. May 1992 432pp. cloth 07506 9227 8 $49.95 (£38.50) 
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Racing to the PCMCIA market. 


The explosive portable computing market is fueling 
the race to port peripheral applications to PCMCIA 
format. To get to the finish line first, put a proven 
winner on your team — Zilog’s Z86017 general 
purpose PC Card interface chip. 


Get there fast. 


Don’t get side-tracked by custom-designing your 
PCMCIA interface with FPGAs and ASICs. With 
the Z86017, you start ahead of the competition, 
with a standard design that Zilog can ship in a 
fraction of the time. It’s priced to move, too. 


For whatever race you run. 


Unlike proprietary implementations, the Z86017 
provides a flexible solution for most types of PC Card 
applications, from modems to SCSI adapters, data 
acquisition and mass storage. That’s because it’s easily 
configurable to work with memory, I/O, and ATA- 


mapped hardware. And it’s ExCA™ register compatible. 


Zilog is a registered trademark of Zilog, Inc. 
All rights reserved. © 1994 Zilog, Inc. 
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You CAN GET THERE FROM HERE 


Without all of the hurdles. 

With your proven application and our full set of 
support tools, including the ZPCMCIAOZDP general 
purpose extender card and the Z8601700ZCO 
development platform kit, your race to market will be 
a short sprint, not a marathon. 


Here’s where to begin. 


Yes, you can get to the PC Card Market on time — 
with the help of Zilog. To get started, give us a call. 


Contact your nearest Zilog 
sales office or authorized distributor 
for more information. 


YS 2iLas 


210 E. Hacienda Avenue 
Campbell, CA 95008-6600 
(800) 662-9826 — within the U.S. 
(408) 370-8000 

FAX (408) 370-8056 
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Key-embedded joystick controls 
cursor and Windows functions 


In a computer keyboard 
that incorporates a new 
technology known as “J- 
Mouse III,” the J key 
packs a lot of punch. 
When you type, the J 
key functions like any J 
key, but when you hold 
the key down, it be- 
comes a cursor-control- 
ling joystick. Holding 
the J key down also adds 
capabilities to other 
_keys, turning them into 
so-called Wizard keys. 
Wizard keys can emu- 
late mouse buttons or 
activate common Win- 
dows functions, such as 
cut, copy, and paste. 
And, unlike other point- 
ing-device technologies, J-Mouse III 
requires no space other than the J key 
that a keyboard must have anyway. 
When you depress the J key ina sys- 
tem that incorporates J-Mouse III, the 
system automatically distinguishes 
text entry from cursor control or Wiz- 
ard-key activation. When you type 


RAID system maintains 
sustained 19-Mbyte/sec 


data transfers 


The 6800 real-time disk array provides 
sustained data-transfer rates of over 19 
Mbytes/sec and eliminates inherent disk- 
drive latencies that interfere with real- 
time access of disk data. The system has 
a SCSI-2 interface and comes in configu- 
rations with 4 to 40 Gbytes of storage. 
The 6800 redundant array of inex- 
pensive disks (RAID) system does away 
with interruptions to data transfers 
that result from disk drives’ thermal 
calibrations, retries, media reassign- 
ments, and command-processing 
errors. Capability for “seekless” disk 
operations masks the normal seek oper- 
ations of single disk drives, resulting in 
random-read performance as fast as 


J-Mouse il technology enables a keyboard’s J key to function either as anor- dy 
mal J key or as a joystick. 


text, you depress keys very briefly; 
when you use the J key for another 
purpose, you hold it down longer. By 
noting how long the J key remains acti- 
vated, the system determines your 
intended use of the key. 

The J key in a keyboard that incorpo- 
rates J-Mouse III technology has a 


spherical depression in its 
surface. The depression 
isn’t noticeable when you 
type, but it’s useful when 
you use the key as a joy- 
stick. With your index fin- 
ger, you apply slight pres- 
sure in the direction of 
intended cursor travel. 
Force-sensing resistors 
(FSRs) convert pressure to 
cursor motion. Although 
some early applications of 
F'SRs produced somewhat 
jerky cursor motion, a 
patented spring mecha- 
nism in the J key of J- 
Mouse III systems suppos- 
eliminates that 
problem. 

The J-Mouse III tech- 
nology is available by licensing and is 
most applicable for high-volume key- 
board production. In such applications, 
implementations will cost “a few dol- 
lars,” according to the developer. 


—Gary Legg 
Home Row Inc, Clackamas, OR. (503) 
656-2995. Circle No. 318 


The 6800 real-time disk array provides sustained data transfers of 19 Mbytes/sec. 
~ Ciprico Inc, Plymouth, MN. (612) 


single-stream, sequential-access per- 
formance. From $20,550.—Gary Legg 


551-4000. Circle No. 319 
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PowerBook gets touch screen. The 
Troll Touch PB is a resistive touch screen 
for Apple PowerBook models 145, 165, 
165c, 170, 180, and 180c. The screen 
responds to as many as 60 touches/ 
sec, and special software equates two 
quick touches to the double clicking of a 
mouse. Installation is by the manufac- 
turer. $695. Troll Touch, Valencia, CA. 
(805) 295-0770. Circle No. 355 


Ruggedized notebook computer 
meets industrial needs. The IN Lite 
rugged notebook computer for industri- 
al use fulfills the requirements of pro- 
tection class IP 64 when closed and IP 
54 when operating. The 386-based 
machine operates on 110 to 240V ac or 
18 to 86V de. An optional internal bat- 
tery pack provides 90 minutes of oper- 
ation. An EISA-compatible passive bus 
accepts expansion cards. $6495 to 
$8995. Promark Technologies Mid- 
Atlantic Inc, Laurel, MD. (800) 634- 
0255. Circle No. 356 


Head-mounted monitor keeps dis- 
play in sight. The head-mounted PT- 
01 video display can keep visual infor- 


THE NEW HIGH 
FREQUENCY VCXO FOR 
SONET, SDH & ATM. 


COMPUTERS & PERIPHERALS 


FREE INFO, FREE POSTAGE 


Use our postage-paid reader-service 
cards to get more information on 
any of these products. 


mation before your eyes, even when you 
turn your head. The monitor includes a 
color LCD that produces a wide-screen 
image when viewed through the unit’s 
binocular optics. By raising and tilting 
the display, you can have an unob- 
structed view of your surroundings; a 
glance upward provides the video infor- 
mation. $1695. O1 Products, Westlake 
Village, CA. (800) 538-3008. : 
Circle No. 357 


SCSI adapter card provides Plug 
and Play. Installation of the 
FastSCSI card for ISA systems 
requires no DIP switches or jumpers 
when used with PCs that are Plug and 
Play-compliant. The card comes with a 
software utility that assists installation 
in other computers. The adapter 
includes internal and external 50-pin 
SCSI connectors, and an internal 50- 
pin ribbon cable allows connection of 
three internal SCSI devices. The card 


is available with and without connec- 
tors for floppy-disk drives for $160 and 
$140, respectively. QLogic Corp, Costa 
Mesa, CA. (714) 438-2200. Circle No. 358 


PCMCIA card combines paging, 
data, fax, and voice messaging. 
The NovaPak 144 is a Type II PCMCIA 
card that combines a wireless alpha- 
numeric receiver with a 14,400-bps 
data/fax/voice modem. You can carry 
the card, which weighs less than 4 oz, 
and use it as a stand-alone alphanumer- 
ic pager. An LCD on the card shows 
numeric messages; a computer with a 
Type II PCMCIA slot can retrieve and 
display alphanumeric messages. The 
card runs on an AA battery. $449. 
NovaLink Technologies Inc, Fremont, 
CA. (510) 249-9777. Circle No. 359 


High-performance SCSI adapters 
are easy to use. Three Fast SCSI-2 
adapter boards, for EISA, VESA, and 
ISA buses, provide both fast data trans- 
fers and ease of use. On the VESA local 
(VL) bus version, transfers occur at 
rates as high as 160 Mbytes/sec; the 
EISA and ISA versions transfer data at 
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139.264 MHz and155.520 MHz 


Frequencies: 
139.264 MHz and 155.520 MHz 
non-standard available 


Accuracy: +15ppm 
Size: 24.9 X 20.3 X 12mm max. 


RALT RO 


ELECTRONICS CORP. 


2315 NW 107 AVENUE 
MIAMI, FLORIDA 33172 U.S.A. 


Double DIL-16 standard FAX (305) 594-3973 
Frequency Stability: +35ppm | (805) 993-6033 
Output: ECL ONLY RALTRON HAS IT ALL 
Deviation: +120ppm CRYSTALS 
with excellent linearity and CRYSTAL OSCILLATORS 
incremental-slope sensitivity CRYSTAL FILTERS 

CERAMIC RESONATORS 
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“I Didn’t Mind Paying a Little 
Extra for Transformers 


But my boss freaked out. In quantity, a little extra adds up to a 
lot extra and if you go to a distributor... it's like the national 
debt! He threatened to cancel my tennis club membership! 


I really shoulda called Prem. 
You oughta call Prem!” 


"PREM 


Where Quality Really Counts! 


For Prem’s new catalog or additional product information, call or write 
Prem Magnetics, Inc. 
3521 North Chapel Hill Road, McHenry, IL 60050. 
Phone: 815-385-2700. FAX: 815-385-8578. 
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Our Power Module ts Dual... 
theirs is only single output ! 


00 VDC Output, standard! 


Patent Pending 


"The availabilty 0 a f DUAL L ISOLATED OUTPUTS ¢ creates cost and space savings 
in many applications. = 
bully. safeguarded a over ioliege” over temperature and continuous short 
circuit protection, these FIXED Hi- -Frequency units minimize technical problems. 


With output voltages. from 3.3VDC to 100VDC, four distinct input ranges and the 
choice of single or dual outputs plus the capability of Parallel Operation, as 
standard features, your circuit designs can be optimized. 


Assembled in the U.S.A. with PICO quality components, these hi density units 
allow the most ‘Stringent mechanical, electrical and environmental requirements. 


FAX or call today for immediate engineering assistance, product information or FREE catalog. 
; Call Toll Free 


i C O Electronics,Inc. 800-431-1064 


453 N. MacQuesten Pkwy., Mt. Vernon, N.Y. 10552 in New York Phone 914-699-5514 
FAX 914-699-5565 
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If you were 4,000 miles from spare parts, 
what 2mm connector would you spec? 


For 2mm, trust 3M. Now 
available in convenient 
tape-and-reel packaging. 


© 3M 1994 


When it comes to reliability, 3M’s 2mm 
connectors are second to none. They’re 
tough enough to withstand the high-temp 
rigors of infrared.and vapor phase sol- 
dering — without warping or blistering. 
They’re compatible with vacuum pick- 
and-place equipment, providing precise 
placement every time. And, they possess 
the same 3M quality construction and 
durability that hallmarks every one of 
our products. 

All of which means that they’ll pro- 
vide years of trouble-free service to the 
people who depend on your products 
day and night, even if that night lasts for 
months at a time. 

Of course, those same qualities also 
mean you'll enjoy fewer manufacturing 


Copyright © 1994, Sea World, Inc. All rights reserved. Reproduced by permission. 
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problems, especially when you take 
advantage of our tape-and-reel packaging. 
3M offers a full line of 2mm con- 
nectors, as well as custom engineering 
support. No matter what you need, we 
can build it. In fact, you could go to the 
ends of the Earth and not find a better, 
more reliable connector, or a more 
responsive supplier. 
So, if failure leaves you cold, call 
1-800-354-1919 and we’ll send 
you more information ——- 


on some of the hottest * S 2 

2mm connectors around. ZA 

3M Electronic Products |, ~ 
Division, 6801 River a 

Place Boulevard, Austin, | ~ | 
Texas, 78726-9000. ee ae 
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rates to 10 Mbytes/sec. A utility called 
“AutoSCSI” allows easy installation 
and configuration. All the cards are 
available with floppy-disk support, and 
the EISA and VESA versions are also 
available without it for $20 less. Prices 
without floppy support are $449 
(EISA) and $279 (VESA and ISA). Bus- 
Logic Inc, Santa Clara, CA. (408) 492- 
9090. Circle No. 360 


Video processor has SCSI inter- 
face. The DASM-VIP video-image 
processor combines a 24-bit frame 
grabber and a DSP-based image 
processor in a unit that connects to vir- 
tually any computer via a SCSI connec- 
tion. For simplicity of use in accessing 
image data, the unit emulates a SCSI 
disk drive. A 33-MFLOPS TMS320C31 
DSP is the system processor; real-time 
video input can come from RGB, NTSC, 
and S-Video color sources and from RS- 
170 monochrome sources. Digital sync- 
lock circuitry virtually eliminates pixel 
jitter and assures precision image data 
from noisy video sources, including 
VCRs. $2995. Analogic Corp, Peabody, 
MA. (508) 977-3000, ext 3441. 

Circle No. 361 


Flash cards use 5V only. The C 
Series of flash-memory PCMCIA cards 
hold 1, 2, 4, or 10 Mbytes of data and 
require only 5V power. All have the 
PCMCIA Type I physical configura- 
tion. An erase/suspend/resume feature 
allows data access even during the rel- 
atively long block-rewrite periods that 
are typical of flash memory. Guaran- 
teed 100,000 write cycles provide 
approximately 10 years of useful life in 
typical portable applications. Prices are 
$75 (1 Mbyte), $110 (2 Mbytes), $175 (4 
Mbytes), and $385 (10 Mbytes) (1000). 
Advanced Micro Devices Inc, Sunny- 
vale, CA. (800) 222-9323. Circle No. 362 


PCMCIA card provides serial port. 
A new Type II PCMCIA card provides 
a serial interface for portable comput- 
ers. The card includes an internally 
buffered 16550 UART and an 8530 
USART for asynchronous or synchro- 


nous communication. You can configure 
the asynchronous port as COM 1, 2, 8, 
or 4. The synchronous port is fully pro- 
grammable. $145 (100). Smart Modu- 
lar Technologies, Fremont, CA. (510) 
623-1231, ext 104. Circle No. 363 


Kit enables keyboard evaluation. 
An evaluation kit lets you check out the 
FKB7316 membrane-technology key- 
board for your laptop- and notebook- 
computer OEM applications. The kit 
includes a keyboard, an evaluator 
board, cabling, connectors, and docu- 
mentation. The evaluator board has a 
keyboard controller/encoder IC that 
enables connection of the keyboard to 
an IBM-compatible keyboard port. 
$100. Fujitsu Microelectronics Inc, 
San Jose, CA. (800) 642-7616. 

Circle No. 364 


Thin notebook disk drive holds 
350 Mbytes. The 2.5-in. CFL350 disk 
drive holds 350 Mbytes of data in a 0.5- 
in.-high unit. The drive supports PIO 
Mode 3 of the Enhanced IDE interface 
for data transfers up to 11.2 
Mbytes/sec. It comes with a 32-kbyte 
buffer (64 kbytes optional) and has an 
average seek time of 12 msec. In idle 
mode—spinning but not reading or 
writing data—the drive requires 
0.75W; in standby, it requires 0.15W. 
The drive weighs 4.9 oz. $375 (1). Con- 
ner Peripherals Inc, San Jose, CA. 
(408) 456-4500. Circle No. 365 


PC is built like a brick. The Data- 
brick is a transportable PC the size and 
shape of a brick (26125 em). It has 
no display, keyboard, battery, or acces- 
sible bus slots; it’s intended for applica- 
tions where these features are unnec- 
essary. The PC includes a 486 pP, up to 
32 Mbytes of memory, floppy- and hard- 
drive controllers, two serial ports, a 
parallel port, a keyboard port, and a 
local-bus VGA port. Other options are 
also available. $800 (1). Datalux Corp, 
Winchester, VA. (703) 662-1500. 

Circle No. 366 


Be an 
Author! 


When you write for EDN, you earn 
professional recognition. And.. you 


earn money. 


EDN publishes leading edge, state- 
of-the-art design information that is 
read by 161,000 electronics engineers 
and engineering managers worldwide. 
That's an audience that could belong 


to you. 


If you have any clever engineering 
ideas and methods that you'd like | 
to share with your professional 
colleagues send your proposal to: 
Joan Morrow-Lynch, Managing 
Editor, EDN, 275 Washington Street, 
Newton, MA 02158-1630. 


For a FREE EDN Writer's Guide -- 
which includes tips on how to write 
for EDN and other technical publica- 


tions -- please circle number 800 on 


reader service card. 
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Fast, flat computer has high-reso- 
lution color display. The flat-panel 
DisplayPac-SVGA computer has an 
11.8-in. active-matrix color TFT LCD 
that provides a 1024 768-pixel, 64,000- 
color display. The processor is a 
486D X4 that operates at clock rates to 
100 MHz. Main-memory capacity is 32 
Mbytes. PC features and options for the 
14.5<10.5X3.5-in. unit include floppy- 
and hard-disk drives, a 1.5-Mbyte semi- 
conductor disk, a PCMCIA drive, and a 
resistive touchscreen. System expan- 


box, system, or IC level." 


In the U.S. 
for more information 
or to place an order call 


1-800-366-2665 
M-F 8:30-4:30 E.T. 
Fax 617-279-4851 


books that work the way you work 


Analog Circuit Design: 


Art, Science, Personalities 
Jim Williams, Linear Technology Corp., Editor 
"If you do any analog circuit design, buy this book!...The well- 
indexed volume ... provides a picture of analog design, in all its 
diversity, as a way of thinking and a way of approaching problems." 
Dan Strassberg, EDN 
199] 352pp. clth 07506 91662 $44.95 (£30.00) 


Based on the EDN Series, with 20% NEW material 


Troubleshooting Analog Circuits 
Robert Pease, National Semiconductor 
"Here's a chance to take advantage of [Pease's] years of experience 
designing analog circuits--and working the bugs out of them. This 
book is for you whether you're designing analog circuits at the board, 


Electronic Design 
1991 208pp. cloth 07506 9184 0 $32.95 (£19.95) 


Loaded with practical information 
Rechargeable Batteries 


Applications Handbook 
Technical Staff, Gates Energy Products 
This is a comprehensive reference on proper selection, specification 
and application guidelines from one of the world's largest sealed-cell 
manufacturers. May 1992 432pp. cloth 07506 9227 8 $49.95 (£38.50) 


BUTTERWORTH-HEINEMANN — 
~80 Montvale Ave., Stoneham, MA 02180 
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sion is possible via as many as six PC- 
bus slots. From $9861 (OEM). Comput- 
er Dynamics Inc, Greer, SC. (803) 877- 
8700. Circle No. 367 


Disk drives serve audio/video 
applications. Two disk drives—the 
5.25-in. Scorpio Model 1991 AV and the 
3.5-in. Taurus Model 4110AV—provide 
the high sustained transfer rates nec- 
essary in audio and video applications 
to prevent frame dropouts and jerki- 


In Europe, order from: 
Reed Book Services Ltd. 
Special Sales Department 
P.O. Box 5, Rushden 
Northants NN1O 9YZ U.K. 
TEL. 0933 58521 FAX 0933 50284 
Please quote "Cahners 13.89" 


| MasterCard | 


CAHNERS 13.89 


ness in audio or video output. The Scor- 
pio has a sustained rate of 6.4 Mbytes/ 
sec; the 1-in.-high Taurus’ rate is 4.3 
Mbytes/sec. Capacities are 9.1 and 1 
Gbytes, respectively. Suggested list 
prices are $5455 and $1255, respective- 
ly. Micropolis Corp, Chatsworth, CA. 
(800) 895-3748. Circle No. 368 


Filter converts tiny monochrome 
CRT to color. RGB Fast Filter is a 
small, electrically switchable RGB 
color filter that allows you to display 
full-color images on a small (approxi- 
mately 1-in.), high-resolution, mono- 
chrome CRT. Typical applications are 
head- and helmet-mounted displays. 
The filter has selectable red, green, and 
blue states that are switchable in 100 
wsec. By displaying color fields at three 
times the normal 60-Hz video rate and 
by simultaneously switching the filter’s 
color states, the system can “fool” your 
eyes into seeing blended, continuous 


color. Because monochrome CRTs can 


have high resolutions, the result is a 
compact and higher resolution color dis- 
play than would be possible with a color 
CRT or LCD. $995 (1); potentially much 
cheaper in very large quantities. Dis- 
playtech Inc, Boulder, CO. (303) 449- 
8933. Circle No. 369 


Laptop computer meets mil specs. 
The RMC-4000 rugged mobile comput- 
er meets MIL-STD-461/462 for EMI 
and RFI and MIL-STD-810E for shock, 
vibration, humidity, salt fog, dust, rain, 
atmospheric pressure, and tempera- | 
ture. The 9.6-lb, 486-based computer 
includes a 64-shade, monochrome VGA 
display and a flat-panel mouse. Faster 
processors and a color display are 
options. The system includes a range of 
I/O ports, plus optional PCMCIA slots 
and disk drives. $5995. US Microtel 
Inc, Richardson, TX. (214) 994-9078. 
Circle No. 370 


Circulating 
for over 
80 years 


Every month Electronics 
orld focuses on the 
world of electronics 
design and PC-based 
engineering tools. The 
magazine has a depth of 
coverage that gives the 
reader the clearest view of | 
new products and an 
absolute understanding of 
the latest technology in 
design, applications and 
software. 


Electronics World is 
published by Reed 
Business Publishing, part 
of the same company that 
publishes EDN, so we are 
able to offer you.an : 
exclusive discount ona ; 
subscription of as much as 
0% off the normal price. 


And don’t forget the 
satisfaction guarantee — 
if you decide at any time 
you don’t like Electronics 
orld write and tell us 
and we will refund the 
unused portion of you’re 
subscription ! 


Job tle... 


eoeseeoeenes 


At a cost of: SURFACE MAIL AIR MAIL 
| YEAR 25% OFF (1): 
2 YEARS 40% OFF 


|_| | enclose a Bankers Draft or International Money order for ‘fs OR 


|__| Please debit my credit card for 
|__| AMEX | | access [| | VISA |__| DINERS CLUB 


Account number TH WH a Expires . 


Signature soci Date .... 


Please return to: Electronics World + Wireless World 
Subscriptions, Reed Business Publishing, Stuart House, Perrymount Road, Haywards Heath, Sussex RHI6 3DH, England 
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Versatile, Compact, High-Performance... Value Priced! 


For nearly fifteen years IEE has been a premier supplier of 
Vacuum Fluorescent Display modules. We have manufactured 
nearly one million FLIP displays for hundreds of customers, 
filling virtually every conceivable industrial application. 


Now, IEE introduces the new FLIP “Century Series” line of low- 
cost segmented VF displays. Utilizing a 14-segment 
“star-burst” font, these modules display standard 64-character 
ASCII upper case alphanumerics with the light-emitting 
readability. and quality of far more costly displays. 


The new “Century Series” modules are the most versatile ever. 
They offer a unique jumper-selectable multiple processor 
interface, requiring no external circuitry accommodations. All 
“Century Series” modules interface to Intel or Motorola host 
processors. 


Choose your data interface — both 8 bit parallel and EIA-232C 
serial at baud rates up to 19.2Kb are included. Hardware and 
software reset features, plus an extensive self-test routine are 
standard in all models. 


Software controls include vertical and horizontal scroll modes, 
multiple level dimming control, multiple blink rates/fields, and 


a unique, selectable “screen-saver” dimming or full display 
blanking feature for increased tube life in “constant-on” 
applications. 


Very low power 5VDC operation is standard (1.5 watts typical), 
along with a wide industrial-duty -20 to +70°C operating 
temperature range (-40/+85 extended range, and conformal 
coating are standard factory options). 


State-of-the-art low-profile surface mount technology yields 
super-compact packages to solve your most demanding space 
problems. These high-performance displays are also the answer 
to your most cost-sensitive applications and can effectively 
replace LCD modules to enhance the appearance and 
functionality of your product. 


The six models listed below will cover application needs from 
arms-length instrument use to jumbo annunciators. The FLIP 
“Century Series” sets a new industry standard for low-cost 
segmented vacuum fluorescent displays. 


IEE provides solutions for all your front panel needs: displays, 
keyboards, integrated panels and more. Contact us today for a 
problem-free tomorrow. 


IEE is a sustaining member of BID 
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<x INDUSTRIAL ELECTRONIC ENGINEERS, INC. 
7740 Lemona Avenue 

Van Nuys, California 91409-9234 

Tel 818-787-0311 ext. 418 ¢ Fax 818-901-9046 


Immediate Response Circle 103 


Reference Only Circle 104 
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Pentium clock generator provides 
triple output. The W42C25 is a single- 
VCO clock generator with three output 
signals. The device uses a PLL with a 
crystal or reference clock to produce a 
low- phase-jitter duplicate of the source 
clock, a CPU clock, and a 2XCPU-clock 
signal. The two synthesized clocks 
come from a selection of eight prepro- 
grammed frequencies stored in ROM 
and can switch between frequencies 
without output-signal glitches. The 
output signals vary from 2 to 120 MHz. 
The device draws 10 mA at 5V and 
comes in a 14-pin DIP or SOIC. Cost is 
$1.80 (1000). IC Works Ine, San Jose, 
CA. (408) 922-0202. Circle No. 396 


SOLID STATE RECORDER 


- Pievbaek at salected. rate. idles 
Multiple sequence storage and Babak 
Standalone or operation via Control Box. 
Environments: Vehicle — Aircraft — Missile. 


EIDSVOLL ELECTRONICS AS 
Box 38 — N-2081 Eidsvoll — Norway 
T: +47 6396 4230. F: +47 6396 2048 


CIRCLE NO. 34 
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FREE INFO, FREE POSTAGE 


Use our postage-paid reader-service 
cards to get more information on 
any of these products. 


CPLDs have 128 macrocells. The 
CY7C374 and CY7C375 are 128-macro- 
cell versions of the company’s FLASH 
family of complex programmable-logic 
devices (CPLDs). The CPLDs employ 
0.65-micron technology and have 100% 
routable interconnects. The CY7C374 
has 64 I/O pins and comes in an 84-pin 
PLCC and a 100-pin TQFP. The 
CY7C375 has 128 I/O pins in a 160-pin 
TQFP The CY7C874 in a PLCC costs 
$31.45 (100). Cypress Semiconductor 
Corp, San Jose, CA. (408) 943-2600. 

Circle No. 397 


Fully integrated read-channel IC 
runs at 80 Mbps. The 5V MC34245 
peak-detect IC is pin- and software- 
compatible with the company’s 3V 
MC84244 hard-disk-drive IC. The 
MC34245 provides the functions for the 
read-write channel of a constant-densi- 
ty hard-disk drive, including AGC, 


EB Reklame 


active filter, pulse detector, data syn- 
chronizer, frequency synthesize, servo 
demodulator, RLL1, 7 encoder/decoder, 
and power management. The device 
comes in a 64-pin TQFP; price is $16.50 
(10,000). Motorola Inc, Tempe, AZ. 
(602) 897-5353. Circle No. 398 


RF power amplifier operates from 
3V battery. The ITT332101BD pro- 
duces 1W of RF power output when 
driven with a 1-mW signal—a 30-dB 
power gain—while operating from a 3V 
battery. The GaAs IC suits cellular- 
radio power applications in the 824- to 
849-MHz frequency band. The IC oper- 
ates in the compressed Class A mode, 
which increases efficiency. In 16-pin 
SOICs, the IC costs $9 (10,000). ITT 
Gallium Arsenide Technology Cen- 
ter, Roanoke, VA. (703) 563-8600. 

Circle No. 399 


Power-factor controller has pre- 
cise overvoltage protection. The 
L6560 limits overvoltages to 5% and 
increases power factor to around 99%. 
The controller IC operates in transition 
mode and has a totem-pole output stage 


ECL/TIL/CMOS design capabilities, fine line circuitry, 


T SEEMS Thiel 


high layer count multilayers, blind and buried vias, 


DUH COMPRNY 


fine pitch SMT printed circuit boards, bonded heat sinks, 


fo CHPABLE 


sig./noise analysis, thermal analysis, fast turn, controlled 


UF ANYTHING. 


impedance, PCB manufacturing, assembly and test. 


compunetics, inc. 
Engineering Systems Division 
700 Seco Road, Monroeville, PA 15146 ¢ (412) 373-8110 


internet: jschmitt@well.sf.ca.us 


CIRCLE NO. 117 
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that drives power MOSFETs and insu- 
lated-gate bipolar transistors with 
source and sink currents as high as 400 
mA. The IC also integrates a start-up 
timer, a temperature-compensated 
bandgap reference, and an under- 
voltage lockout with hysteresis that 
allows starting on currents as low as 0.5 
mA. Quiescent current is <3.5 mA. In 8- 
pin DIPs and SOICs, the IC costs <$1 in 
OEM quantities. SGS-Thomson Micro- 
electronics, Lincoln, MA. (617) 259- 
0300. Circle No. 400 


INTEGRATED CIRCUITS 


PCMCIA controller handles mixed 
voltages. An upgrade path for 
PCMCIA systems, the VG-469 con- 
troller works with various interface 
voltages. It offers two sense pins for 
detecting card voltages and hardware 
to prevent damage to low-voltage cards 
inserted into a 5V-only system. It con- 
trols two cards with independent oper- 
ating voltages. The device is compatible 
with the PCMCIA 2.1 ExCA ex- 
tension, Microsoft Plug and Play, and 
PC-card DMA operation. It supports 


When It Comes 
ToLuithium Batteries, 
Take A Look At What 
Eagle-Picher Offers! 


0 other battery can fit your application or maximize 
your circult board space like Eagle-Picher’s Keeperl! Lithium series. 
For additional information about how we can it all of your power 
supply needs, call an Eagle-Picher representative rignt now 


EAGLE |=>PICHER 
COMMERCIAL PRODUCTS DEPARTMENT 
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CIRCLE NO. 144 


memory and I/O cards, ATA hard-disk 
drives, and solid-state disks and offers 
the B-step register set. Price is <$15. 
Vadem, San Jose, CA. (408) 943-9310. 
Circle No. 401 


Single chip integrates RAM and 
ROM. The LH6P81T combines RAM 
and ROM on a single chip. The device 
allows you to program fixed data into 
ROM of arbitrary size within the RAM 
area at the time of order placement. 
Features include 0.6-~m process, 
512k xX16-bit configuration, 80-nsec 
access time in normal mode, 40-nsec 
access time in page mode, 3.3V supply, 
and maximum current draw of 40 mA 
when active and 30 wA in standby. $48 
(100). Sharp Electronics Corp, Camas, 
WA. (800) 642-0261. Circle No. 402 


Communications processor allows 
program control. The VPS10101 
communications processor, called the 
Ruby chip, is an ARM processor cou- 
pled with a UART, synchronous serial 
I/O, and parallel I/O to handle commu- 
nications. The device offers a PCMCIA 
and an ISA host interface, operates 
over a 2.7 to 5V range, and has several 
power-management modes. Software- 
development tools for the device include 
C compilers, assemblers, simulators, 
and a development card for Unix and 
PC systems. The device costs $31.90 
(10,000). VLSI Technology Inc, San 
Jose, CA. (408) 434-7995. Circle No. 403 


Second-generation Saturn ATM 
interfaces appear. The PM5346 and 
PM7345 physical-layer interface ICs for 
asynchronous-transfer mode (ATM) 
are second-generation devices. The 
PM5346 and 345 offer link-level flow 
control and E3 framing, respectively. 
The PM5346 provides synchronous- 
optical-network and synchronous-digi- 
tal-hierarchy framing, clock recovery, 
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It all adds up. Your denser circuit designs and higher 
performance requirements combined with TDK’s unique 
ability to prevent unwanted electromagnetic interference 
through its complete line of EMC products. 


Applying its original technology in ferrite, ceramic capacitors 
and other materials, TDK had developed a variety of surface 
mount “‘noise” prevention components. These range from 
signal line to power supply line applications and include 
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multilayer chip and ferrite chip EMI filters, ferrite chip 

EMI suppressors and suppressor arrays, multilayer chip 
impeders, leadless EMI filters, and leadless line chokes, to 
name a few. TDK also produces a wide selection of leaded 
and cased EMI prevention components. 


When you add TDK to the design equation, it adds up to 
increased reliability —with interference cancelling out! 
Call or write TDK today for a free catalog. 


> JK 
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TDK CORPORATION OF AMERICA 1600 Feehanville Drive, Mount Prospect, IL 60056, USA Phone: 708-803-6100 INDIANAPOLIS Phone: 317-872-0370 NEW 


YORK Phone: 908-494-0100 SAN FRANCISCO Phone: 408-437-9585 LOS ANGELES Phone: 310-539-6631 DETROIT Phone: 313-462-1210 BOSTON Phone: 


508-624-4262 HUNTSVILLE Phone: 205-464-0222 GREENSBORO Phone: 919-292-0012 DALLAS Phone: 214-506-9800 


GERMANY « FRANCE: ITALY «U.K.» KOREA» TAIWAN * HONG KONG: SINGAPORE: THAILAND + CHINA® BRAZIL 


CEL, TDK’s Component Engineering Laboratory in Torrance, CA, can custom design and test manufacture TDK EMI/RFI suppression components to meet 


your specific requirements. For more information, call (213) 530-9397 
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and clock synthesis at speeds to 155 
Mbps. The PM7345 provides framing 
and interface to DS-1, DS-3, El, and E3 
telecommunications links operating at 
speeds to 45 Mbps. The PM5346 costs 
$68 (10,000); the PM7321, $75. PMC- 
Sierra Inc, Vancouver, BC, Canada. 
(604) 668-7348. Circle No. 404 


Elantec’s EL4430 
Video Instrumentation 
Amplifier 


Vin: 
2 SVpe-p background | 
| *OIVp-pwigant | 


Vout: 
reeovered 


_ -O.1Vp-p signal 


80-MHz, -3-dB bandwidth. The 
KL4430, EL4431, and EL4432 each 
have differential-input ranges of +2V 
and a common-mode range of +12.5V. 
The CMRR at 4 MHzis 76 dB. Slew rate 
is 450 V/usec. The amplifiers operate on 
supplies from +5 to +15V. The 4430 is 
stable at gains of 1 and greater; the 
4431, at gains of 2 and greater; and the 
4432 is set for a gain of 10 with a low- 
noise input. Key uses include line 
receivers, differential-to-single-ended 
converters, and others that must 
extract a differential signal from a 
background of common-mode noise or 
de offset. The devices come in 8-pin 
DIPs and SOICs, and prices start at $3 
(1000). Elantec Inc, Milpitas, CA. (408) 
945-1323. Circle No. 405 


Controller brings RDRAM to MIPs. 
The »PD31448 Rab7it-BRAC chip com- 
bines a memory controller for the Ram- 
bus DRAM (RDRAM) with a bus inter- 
face to the 64-bit VR4200 or VR4400PC 
Mips processors. The devices work with 
processor clock speeds to 150 MHz at a 
bus rate of 40 MHz and RDRAM trans- 
fer rates of 500 Mbytes/sec. They fea- 
ture a two-way read prefetch buffer and 
a two-entry write buffer, providing 
performance comparable to that of sec- 
ondary caches. Samples will be avail- 
able by the third quarter at a price of 
$100. NEC Electronics Inc, Mountain 
View, CA. (415) 965-6159. Circle No. 406 


SBus slave interface controller 
debuts. Providing all the functions to 
connect six 32-bit slave devices to the 


1995 


DAC DESIGNER TRACK 
CALL FOR PAPERS 


Keep on track... Show the EDA world 
that you are the best! 
Submit your ideas to DAC today! 


The Design Automation Conference, the premier 
conference in the DA field, has broadened its scope 
to include the use of automation in the design of 
electronic systems. The user oriented sessions of 
the 1994 DAC attracted large audiences and were 
very successful. 


We encourage submissions which will interest circuit 
and systems designers, design managers and DA 
support engineers. 


Now is your chance to participate in the 1995 DAC! 


SOME SUGGESTED TOPICS ARE: 
¢ Concurrent Engineering ¢ Top-Down Design Processes 

e Integration of Vendor DA e Standards Issues: VHDL/CFI/EDIF 
¢ Design Reuse ¢ Modeling and Component Libraries 
¢ Silicon Strategies: FPGA, PLD, ASIC =» Quality in EDA Systems 


e Design For Manufacture e Use of DA Tools 


SUBMISSION TO DAC 

A submission to DAC can be a regular paper or a proposal for a panel, tutorial 
Or a special session (a group of related papers or tutorials). You should contact 
all of the participants mentioned in your proposal for panel, tutorial, or special 
session before submission. 


DEADLINE: Submissions should be postmarked no later than October 7, 
1994. Notice of acceptance will be mailed by February 15, 1995. 


For more information and specific requirements for submission please 


contact: Design Automation Conference 
Attn: Designer Track 
5305 Spine Rd., Ste. A* Boulder, CO 80301 
phone: (303) 530-4333 fax: (303) 530-4334 
email: DACINFO @dac.com 


To encourage those who have never submitted to DAC, assistance is available 
for the preparation of your proposal for a panel, tutorial, paper or special 
session. Please contact the address above. 
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SBus; the MC92005 needs no additional 
glue logic. The slave devices, along with 
a configuration EPROM, connect to a 
programmable peripheral bus (PBus). 
The PBus includes arbitration logic, 
allowing bus masters, such as DMA 
controllers, on the local bus. The device 
works over the SBus speed range of 
16.67 to 25 MHz and offers a peak band- 
width of 80 Mbytes/sec to the user. The 
160-lead IC costs $30 (1000). Dawn 
VME Products (Fremont, CA) offers an 
evaluation board using the device. 
Motorola Inc, Chandler, AZ. (602) 814- 
4560. Circle No. 407 
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Surface Mount PC Board Mount 
Low Profile Single and Dual Output 
‘Isolated Industrial to Military 
up to 1000 Volts 
Triple ADC integrates gain and off- 
set controls on all channels. The 
MP8830 color-imaging subsystem con- 
Linear Switchers Open Frame tains three independent, simultaneous- 


sampling ADCs, which provide pixel- 
to-pixel correction of CCDs and other 
inputs by updating gain and offset 
parameters from an external correc- 
tion memory. 9- and 6-bit DACs drive 
each ADC’s positive and negative refer- 
ence voltages, respectively, to adjust 
each channel’s gain and offset indepen- 
dently. The IC operates from a 5V sup- 
ply and an external 1V reference and 
typically consumes 500 mW. The mini- 
mum sampling rate is 1.25M samples/ 
sec. $33.33 (1000) in a 64-pin PQFP. 
Micro Power Systems, Santa Clara, 
CA. (408) 727-5350. Circle No. 408 


Low Profile Upto 200 Watts 


New Isolated DUAL Outputs 
Wide Input Voltage Range 
Regulated 100 
Watts 


Power controller meets PCMCIA 
2.1 specs. The MIC2560 power-con- 
trol matrix manages the main-supply 
and program voltages of PCMCIA 
slots. The IC replaces unprotected 
switching matrices or discrete ICs that 
can require six to 10 power MOSFETs 
and associated glue logic. The 2560 fits 
between a PCMCIA controller and a 
socket and requires no external compo- 
nents. Current-limiting and overtem- 
perature shutdown protect all outputs 


See EEM 
or send direct 
for Free PICO Catalog. 


Call toll free from short circuits. In a 16-pin SOIC 
in NY call 914-699-5514 : Ai 
FAX 914-699-5565 the IC costs $2.96 (1000). Micrel Semi- 


conductor, San Jose, CA. (408) 944- 


NO. 12 
ee Rca, (0800. Circle No. 409 


453 N. MacQuesten Pkwy., Mt. Vernon, N.Y. 10552 


INTEGRATED CIRCUITS 


Duplex Ethernet IC includes filters. 
The LXT907 universal 10BaseT 
adapter includes transmit and receive 
filters, a media-access unit, encoder/ 
decoders, and physical-layer signaling 
circuits for connecting an Ethernet 
controller to an attachment-unit inter- 
face or to twisted-pair wiring. The 
device works in full-duplex switched 
Ethernet applications and costs $11 
(1000). Level One Communications 
Inc, Folsom, CA. (916) 985-3512. 

Circle No. 410 


Octal DAC has 13-bit resolution. A 
single MAX547 replaces eight DACs 
and eight precision op amps. The DAC 
is monotonic over the full operating- 
temperature range and requires no 
external components. You can config- 
ure its output for a variety of voltage 
swings in unipolar or bipolar mode. A 
high-speed double-buffered parallel 
port and 5-yusec settling allow fast 
updating, which the DACs can do inde- 
pendently or simultaneously. An asyn- 
chronous-clear input resets all eight 
outputs. The devices come in 44-pin 
flatpacks and PLCCs; prices start at 
$29.60 (1000). Maxim Integrated 
Products, Sunnyvale, CA. (408) 737- 
7600. Circle No. 411 


AT28C010 


1-Mbit EEPROM is in volume pro- 
duction. The AT28C010 1-Mbit EEP- 
ROM has a 128kxX8-bit organization. 
The part has the same capabilities as 
those of a standard sealed military cir- 
cuit but comes in a plastic package to 
reduce cost. The device has a read- 
access time of 120 nsec and a maximum 
page-write cycle time of 10 msec. 
Power-supply current draw is 80 mA in 
active mode and 300 pA in standby 
mode. The chip also employs JEDEC- 
standard software protection that pre- 
vents system noise from erasing data. 
The devices can typically write 1 byte 
or a full page of data in 7 msec. $50 
(1000). Atmel Corp, San Jose, CA. (408) 
441-0311. Circle No. 412 


The amily of 1 MHz MOSFET and I 


EL7501C EL7761C EL7861C 
High Side Driver Half Bridge Driver Single Delay Driver 


EL79610C/79710/7881C 


EL7962C/79 72G/7882C 
Dual Delay Drivers 
FEATURES ansen APPLICATIONS 
 Dielectrically Isolated 100V High Side Ae « Uninterruptible Power Supplies 
« Programmable Time Delay = DC/DC Converters 


GND [3 


« Direct Coupled to High and Low Side 
- INB [4] 


« Noise Blanking Circuitry 


« Switch Mode Power Supplies 
: _ . Resonant Switching Supplies 
« Isolated Drains for Versatile Output | _ 

Connection . ee _ _ 
= Break-Before-Make Switching — . 


| a Pricing Begins at $2.38, P-DIP, 
= Call Us for Many More Features 


— 1,000-unit volumes 
(Also Available in SO) 


CALL FOR OUR FULL-LINE 
CMOS POWER PRODUCT 
DATABOOK, NOW AVAILABLE 


FOR SAMPLES CALL 
(800) 333-6314 ext 311 
For Literature Only—- ext 234 


HIGH PERFORMANCE ANALOG INTEGRATED CIRCUITS 


ELANTEC, INC. = 1996 Tarob Court = Milpitas, CA95035 = (408) 945-1323 «= (800) 333-6314 = FAX (408) 945-9305 


Authorized Distributors: Marshall Industries « Nu Horizons « Insight Electronics 
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Both are turbos with a V6 engine, 

ut the one on the lef 

will launch the next generation 
of modem devices. 


28.8 Kb/sec baud rate Room for two Undeniably sexy looking 
(vs. 14.4 standard today) 


Attention grabbling red 


Internal functions 
which allow direct 
interface to an 
IBM PC bus 


Not too sexy looking 


Brett: 7 


Pin selectable 32 bytes of FIFO — 
(vs. 16 on 550) Matching tires 
Startech’s Turbo 16C650 Imported Sports Car 


Startech’s new ST16C650 is bytes of FIFO, compared to products, call (800) 245-6781 
going to help drive the next today’s 16. Its internal func- or fax us at (408) 745-1269. 


generation of modem tions allow direct interface to Together, we’ll make the 
devices. And while on the an IBM PC bus. It is pin selec- next generation of modem 
outside it may not look as table and has reduced soft- devices faster and better than 
flashy as an imported sports ware overhead thanks to ever. Then watch sales take off 
car, on the inside it is far Xon/Xoff handshaking. And down the road. 
more remarkable. it has a sleep mode that lets 

Compatible in footprint to the chip power down auto- 
our older 550, it is the first matically when there’s no 
and only UART product to communication. 
offer all of the following fea- For more information on 
tures in combination. how the new ST16C650 can STARTECH 

It has a 28.8 kb/sec baud help launch your advanced oer er 
rate, compared to today’s modem products, or evalua- re 7 ere rice 
standard of 14.4. It has 32 tion boards on all of our (408) 745-0801 
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ELECTRONIC DESIGN 
AUTOMATION 


Explore state machine and data- 
path logic functions. Insight/sm for 
state machines extracts a design’s 
state-machine definition and displays a 
state-transition table that shows reach- 
able states, transitions, deadlock states 
from which the machine cannot 
advance, and transitions that do not 
depend on the current state. For data- 
path designs, Insight/dp generates a 
symbolic truth table from a list of data 
and control signals. The products will 
be available in September, and the two- 
product bundle will cost $9995. 
Chrysalis, Andover, MA. (508) 475- 
7700. Circle No. 346 


Waveform viewing and analysis 
tool lets you view signals from 
mixed-simulation environments. 
Signalscan 3.0 lets you view integrated 
waveform displays from both analog 
and digital simulators. The initial prod- 
uct works with a variety of Verilog sim- 
ulators plus some analog simulators. 
Analysis features include the ability to 
trace backwards from signals to dri- 
vers. Signalscan 38.0 costs $4995. 
Design Acceleration Inc, San Jose, 
CA. (408) 559-8500. Circle No. 347 


Tool concurrently analyzes signal 
integrity, EMI, and thermal char- 
acteristics. Designers of pc boards and 
multichip modules must create layouts 
that satisfy the requirements for signal 
integrity, EMI, thermal characteris- 
tics, and reliability. Because the layout 
has such a significant effect on all the 
above characteristics, it’s difficult to 
arrive at a satisfactory design while 
addressing each issue individually. 
Unisolve is a combination of five inte- 
grated tools that costs $115,000; alter- 


Germany +49 (0) 815 240 088 


The next 12-bit ADC 
standard drives speed /power 
performance to new heights. 


Z@® CRYSTAL 


ACCURATE. 


IT’S 


IT’S CRYSTAL. 


THE CS5032 DELIVERS 
500kHz FOR ONLY 55mW 


C$5032 


LTC1275_ ans7so0 MAX120 


Sample Rate/Power Ratio” (kHz/mW) 


AD7870 


400 600 


Sample Rate (kHz) 
“Datasheet specifications for -55°C/125°C 


CIRCLE NO. 139 
EDN August 4, 1994 = 145 


EDN-New Propbucts 


ELECTRONIC DESIGN AUTOMATION 


natively, you can purchase each tool 
separately. Unicad, Westford, MA. 
(508) 692-8446. Circle No. 348 


Logic-emulation family targets 
ASIC and board-level emulation. 
Explorer ASIC emulates 30,000-gate 
ASICs at 10 MHz. Explorer MP3 lets 
you emulate board-level designs with 
much higher gate counts, depending on 
standard components you provide, such 
as multichip modules, wPs, microcon- 
trollers, RAM, ROM, DSP, and field- 
programmable gate arrays. Prices for 
typical configurations, including hard- 
ware and software, range from $40,000 
to $80,000. Aptix Corp, San Jose, CA. 
(408) 428-6200. Circle No. 349 


Floor planner offers detailed 
placement capability. Floorplacer 
bridges the gap between front-end 
design and back-end layout. The tool 
works with the company’s layout tools, 
letting you position embedded blocks 
within embedded arrays, including cus- 
tom blocks. The tool analyzes embed- 


ded-array floor plans for routability and 
timing correctness. Floorplacer costs 
$25,000 and will be available in the 
third quarter. Silvar-Lisco, Mountain 
View, CA. (415) 962-3000. Circle No. 350 


wiigpenn 
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3D extraction and simulation tool 
for ICs offers accurate analysis. 
Solving fields in 3D, Net-An extracts 
accurate capacitance and resistance 
parasitics for Spice simulation of IC 
networks. P-Grid solves fields in 3D for 
extraction and simulation of resistance 
parasitics, voltage, and current densi- 
ties for analyzing the power and ground 
networks on ICs. Net-An and P-Grid 


sell for $75,000 and will be available in 
September. OEA International Inc, 
Santa Clara, CA. (408) 738-5972. 

Circle No. 351 


PLD tool adds Verilog synthesis. 
The Max+Plus II software now accepts 
Verilog HDL-based designs. You can 
also use the Verilog-entry capability for 
the company’s 50,000-gate programma- 
ble multichip modules for ASIC proto- 
typing. The Verilog-HDL entry option 
costs $2995 on PCs and $4995 on Unix 
workstations. Altera Corp, San Jose, 
CA. (408) 894-7110. Circle No. 352 


Formal-proof verifier compares 
designs. The BoolesEye formal-proof 
verifier compares any register-trans- 
fer, gate-, and transistor-level descrip- 
tion with another without test patterns 
to exercise the design. The tool is use- 
ful for verifying refinements to a 
design. The gate-level base package 
costs $30,000, and the transistor-level 
option costs $20,000. Altium Inc, San 
Jose, CA. (408) 534-4100. Circle No. 353 


The world’s most advanced 


| Remarkably smal 
DIL package - ju: 
48mm x 24mm ; 81 
(1.89" x 0.94" 

(3-7 watts 

38 to 72 Vde input - 

 Acbotecie 
1,500 Vde isolai 


DC/DC converter? 


MTBF more than 400 years 


A weight range of only 


15-20 grams (0.52 - 0.71 oz.) 


Suitable for automatic placement 


- through hole or surface mount _ 0a 


versions — 


Ericsson Components, Inc. 


y 


© MacroDens™ PKF DC/D 


_— 


C Converter 


403 International Parkway, Richardson, TX 75081 
Tel: (214) 997-6561 or (214) 669-9900 Fax: (214) 680-1059 


ERICSSON 2 


CIRCLE NO. 145 


NOW THERE'S AN EASIER WAY TO SQUEEZE MORE 
MEMORY ON TO YOUR BOARD 


EDI's new range of wide memory devices Commercial and Industrial Grade SRAM Modules 
provide a more practical way to add muscle ange Petely vemem Fr ockedeey< 
+ : ; Organization Part No. Speed (ns) Package Style 
O microprocessor system performance, while 6AKx32 ~~ EDIGF3265C".+~«12~S*é“‘«‘ A IN ZIPS 
reducing size and weight. 128Kx32 EDI8F32128C* 12 64 pin ZIP/SIMM 
Packing a powerful punch, high speed 256Kx32 EDI8F32256C 12 64 pin ZIP/SIMM 
. 256Kx32 EDI8F32257C* 17 64 pin ZIP 
(down to 12ns) Static RAMs benefit from ultra 3OKXOA EDI8F2432C 15 56 pin ZIP 
high density vertical ZIP and SIMM packaging O4Kx24 EDI8F2464C 1S 06 pin ZIP 
and wide data widths, up to 32 bits. i el ae ce cael od Cali 
. Surface Mount Package Styles 
There's no need to wrestle with tough deci- Organization Part No. Speed (ns) Package Style 
sions either, because they are available in plastic 200Kx8_ — EDIBF8257C" 70 S2pinSOIC 
2x5 12Kx8 EDI9F8 1025C 55 36 pin SOIC 


packaging for commercial and industrial use. 


HIGH PERFORMANCE MEMORY MODULES 


1e800e¢800e¢SRAM (XT.214) Wa : D 


ELECTRONIC DESIGNS INC. 


One Research Drive ¢ Westborough, MA 01581 USA 
Tel: 508-366-5151 ¢ Fax: 508-836-4850 
Tech Hot Line: 800-400-3349 
Electronic Designs Europe Ltd. 


Shelley House, The Avenue e Lightwater, Surrey GU18 5RF 
United Kingdom * 0276 472637 ¢ FAX: 0276 473748 
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CIRCLE NO. 75 


Technology on the Move 


At North America’s Premier Trade Show for OEM Electronics 


Explore the Latest Developments In 


e Fuzzy Logic ¢ Neural Networks ¢ Hardware & Software Design 
e Microcontrollers ¢ PLDs ¢ FPGAs ¢ Advanced ASICs ¢ Boundary Scan 
e ISO 9000 ¢ Wireless Communications ¢ PDA ¢ Digital Video 
e Vision Systems ¢@ Virtual Reality e LANs ¢ Medical Electronics 


At the 94 Technical and Business Conferences 
Also Featuring More Than 1,200 Exhibits 


© Semiconductor Products 

Passive Components 

© EDA Tools and Engineering Software 
© Test and Measurement Equipment 
© Production Products and Services 
« Computer Systems/Subsystems 


Wescon and idea/Microelectronics 
September 27-29, 1994 
Anaheim Convention Center 
Anaheim, California 


For more information, contact: Electronic Conventions Management 
8110 Airport Blvd ¢ Los Angeles CA, 90045 © 800-877-2668 or 310-215-3976 © FAX 310-641-5117 
E-mail INTERNET:73232.666@compuserve.com 


Sponsored by the Los Angeles Council and San Francisco Bay Area Council, IEEE vt) 
Southern and Northern California Chapters, ERA elp 


Wescon is supported by AEA American Electronics Association and “EIA Electronic Industries Association 
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Workstation facilitates measure- 
ments on fine-pitch components 
and assemblies. You use 4000 Series 
workstations for positioning measure- 
ment probes and units under test 
(UUTs) when testing and characteriz- 
ing very-high-speed circuit elements, 
such as multichip-module packages and 
connectors. Although the units accom- 
modate UUTs as large as 18X24-in. pe 
boards, they permit probe positioning 
in three axes with errors of less than 
0.001 in. Tool holders move over a 20-in. 
range. From $15,250. GigaTest Labs, 
Cupertino, CA. (408) 996-7500. 

Circle No. 381 


TEST & MEASUREMENT 


FREE INFO, FREE POSTAGE 


Use our postage-paid reader-service 


cards to get more information on 
any of these products. 


OEM PC data-acquisition boards 
require no expansion slots. The 
8x7-in. DaqBook/216/OEM (16-bit 
ADC, $1495) and -/112/OEM (12-bit 
ADC, $995) attach to DOS or Windows 
PCs in three ways: via a standard par- 
allel port, a high-speed enhanced paral- 
lel port (EPP), or a PCMCIA interface. 
You can mount the units, which require 
10 to 20V-de power, in any location 
accessible to a cable for the type of 
interface you select. Each board offers 
eight differential or 16 single-ended 
analog inputs, two 12-bit analog out- 
puts, four digital inputs, four digital 
outputs, and a counter/timer. Both 
models take 100k samples/sec, accept 
plug-in signal conditioners, and expand 
to 256 channels. IOtech Inc, Cleveland, 
OH. (216) 439-4091. Circle No. 382 


VXibus embedded controllers run 
at 100 MHz. The VXIpc-486 Model 
599 uses a 100-MHz clock-tripled DX4 


wP. The controller boasts a VAX MIPS 
rating of 68.34, 26.5% faster than con- 
trollers based on the i486DX2/66. The 
DX4, which operates from a 3.8V sup- 
ply, uses less power than the i486DX2, 
reducing the controller’s airflow 
requirements. One- and two-slot ver- 
sions are available. Both sizes include 
hard disks (to 220 Mbytes in the 1-slot 
version, to 522 Mbytes in the 2-slot ver- 
sion), connectors for VGA or Super- 
VGA monitors, serial and parallel 
ports, and [IEEE-488 interfaces. The 2- 
slot unit, which accepts an expansion 
kit that allows you to add two ISA bus 
boards, includes a 3.5-in. floppy-disk 
drive. Both units have connectors for 
external disk drives. From $7495. 
National Instruments Corp, Austin, 
TX. (512) 794-0100. Circle No. 383 


Software uses PC’s communica- 
tion ports to analyze RS-232C 
traffic. DOS-based CommView V1.1 
includes a windowed user interface. 
The software captures serial events, 
such as data characters, signal changes, 
and line errors, in real time. You can 
display the data in hexadecimal or text 
format in a set of windows, each of 


From the Dale’ 
Distributor Network 


Take a look. An expanded selection of commercial 
trimmers makes Dale’ Distributors even stronger as a time- 
saving source for all your fixed and variable resistance 
needs. Surface mount...through-hole...single or multiturn 


C 


os or sealed. You'll find a full range of commercial 
oices in cermet element trimmers. Plus, you'll get instant 


access to a wide value range and highly competitive pricing. 
Call your Dale Distributor today or contact us for more infor- 
mation including special packaging. 


Dale Electronics, Inc., 1155 West 23rd Street, Tempe, AZ 85282-1883 
Phone (602) 967-7874 


A COMPANY OF 


VISHAY ELECTRONIC COMPONENTS, U.S.: DALE®, ROEDERSTEIN, SPRAGUE®, VISHAY RESISTIVE SYSTEMS 
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which contains a subset of the event 
information. You can also save the data 
to a log file in binary or text format. If 
you use the binary format, you can 
reload the data into the program. 
Around $160. Microlynx Systems Ltd, 
Calgary, AB, Canada. (403) 275-7346. 
Circle No. 384 


Rubidium time-base counter ages 
at 50 parts/trillion/month. The 10- 
digit PM 6685R offers a relative mea- 


TEST & MEASUREMENT 


surement resolution of 250 parts/trillion. 
It warms up in six minutes to an error of 
1 part/billion and in 30 minutes to 100 
parts/trillion. Stability for one year is 
500 parts/trillion, 100 times better than 
that of most oven-stabilized quartz oscil- 
lators, according to the vendor. The 
counter makes direct measurements to 
300 MHz with a choice of preselectors to 
1.3, 2.7, or 4.5 GHz. PIN diodes protect 
the RF inputs to withstand 12V rms. 
$10,645. Fluke Corp, Everett, WA. (800) 
443-5853. Circle No. 385 


Great Things... 
Small Packages! 


Ecliptek Introduces the ECCM1 1.3 MM 
Ceramic SMT Crystal for PCMCIA 


¢ Designed For All PCMCIA Applications 
¢ Lowest Profile Industry Standard Package 


¢ Gold Sealed For Optimum Performance 


¢ Common Chipset Specifications In Stock 


¢ Frequency Range From 11.0592MHz to 150.000MHz 
¢ Tape And Reel Standard For Automatic Insertion 


Crystals * Clock Oscillators * Inductors 


For Further Information, Contact: 


® 3545 Cadillac Ave. « Costa Mesa, CA 92626 
E ! FK Fax: (714) 433-1234 


CORPORATION —- 1-800-ECLIPTEK 
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One-piece test leads safely handle 
1 kV and 15A. Model 4061 terminates 
at one end in a 4-mm shielded banana 
plug and at the other end in a 5'-in. 
threaded stainless-steel probe that 
accepts accessories, such as a threaded 
clip, a plunger clip, and a spade lug. The 
1m-long probes consist of flexible, fine- 
ly stranded, silicone- or PVC-coated 
wire. Stock insulation colors are red 
and black; you can obtain other colors 
on special order. $8.68. Mueller Elec- 
tric Co, Cleveland, OH. (216) 771-5225. 

Circle No. 386 


$49 SMD probe requires no spe- 
cial tooling. Quick Probe quickly con- 
nects to surface-mounted components 
without soldering. The unit maintains 
its position on the selected lead without 
drifting better than previous models 
could, according to the vendor. In addi- 
tion, the base is heavier and has a non- 
skid pad. R&R Design, Longmont, CO. 
(303) 678-5004. Circle No. 387 


Software links LabView to data- 
base packages. With Database View 
for Windows, a $595 virtual-instrument 
(VI) library for National Instruments’ 
graphics-based LabView for Windows 
data-acquisition software, you can cre- 
ate programs for information-intensive 
applications, such as automated test. 
DatabaseView permits using struc- 
tured query language (SQL) to interact 
with databases directly from a Lab- 
View block diagram. Ellipsis Inc, 
Boston, MA. (800) 633-4866. 

Circle No. 388 


5-MHz to 1-GHz signal-level meter 
maintains accuracy within +1 dB 
from O to 50°C. The $2250 Sig- 
nalScout signal-strength meter moni- 
tors three channels plus a reference 
(pilot) level simultaneously or separate- 
ly and produces spectrum displays with 
30- to 300-kHz resolution bandwidth. A 
software package (normally $500) that 


THE HOTTEST 


NEW WAY TO DESIGN 


COOLELECTRONICS. 


Don't let your cool packaging 
design get burned by slow 
outmoded thermal design methods. Now there's a hot 
. ternative oe The new t thermal design soflware from Fluid 
sei BW Dynamics International. 

FAST RESULTS. 

No matter what kind of electronic 
packaging you're designing, nor 
what kind of thermal design 
EXDEFeNCe VOU bh have. 

. _ Eliminate hot spots to optimize 
hema TTT even while reducing enclosure sizes, With 
cepak, you beat the heat of shortened design cycles and ever- 
Increasing cost pressures, 

QUICK LEARNING CURVE. Problem set-up and 
results generation are fast, You get the short turn-around time 
you need to keep up with design changes. 

INTELLIGENT GRAPHICAL INTERFACE. \cepak is 2 
radical departure from any design methods or software. This 


Object-based fool combines an 
* — intelligent graphical user interface 
with a modern software architecture, 

A FULLY INTEGRATED SOLUTION. ‘cepak includes 
an interactive mode'-bullder, powerful automatic mesh genera- 
tion, an accurate solver, and the most sophisticated post- 
processing and 3D graphical visualization capabilites you've 
ever seen, Nothing else comes even close. And nothing else is 
easier to use. 

FROM THE LEADER: FDI. Al this is just what you'o 
expect from FDI... the leader in FEA based CFD software for 
over 10 years, For more information about Iceoak, or to 
arrange a demonstration, call or fax today. Make your next hot 
design the coolest one yet. 


| Fast, Easy Thermal Design. 


©1994, Fluid Dynamics International. All rights reserved. Icepak is a trademark 
of Fluid Dynamics International. 


@ 
{" i Fluid Dynamics International, 500 Davis Street, Suite 600, Evanston Illinois 60201, 708.491.0200, Fax: 708.869.6495 
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books that work the way you work 


Analog Circuit Design: 
Art, Science, Personalities 
Jim Williams, Linear Technology Corp., Editor 
"If you do any analog circuit design, buy this book!...The well- 
indexed volume ... provides a picture of analog design, in all its 
diversity, as a way of thinking and a way of approaching problems." 


Dan Strassberg, EDN 
1991 352pp. clth 0750691662 $44.95 (£30.00) 


Based on the EDN Series, with 20% NEW material 


Troubleshooting Analog Circuits 


Robert Pease, National Semiconductor 
"Here's a chance to take advantage of [Pease's] years of experience 
designing analog circuits--and working the bugs out of them. This 
book is for you whether you're designing analog circuits at the board, 
box, system, or IC level." Electronic Design 
1991 208pp. cloth 07506 91840 $32.95 (£19.95) 


Loaded with practical information 


Rechargeable Batteries 


Applications Handbook 


Technical Staff, Gates Energy Products 
This is a comprehensive reference on proper selection, specification 
and application guidelines from one of the world's largest sealed-cell 
manufacturers. May 1992 432pp. cloth 0 7506 9227 8 $49.95 (£38.50) 


The EDN Series for Design Engineers 


In the U.S. In Europe, order from: 
for more information Reed Book Services Ltd. 
or to place an order call Special Sales Department 
1-800-366-2665 P.O. Box 5, Rushden 
Northants NN10 9YZ U.K. 
M-F 8:30-4:30 E.T. 
F perngi 4851 TEL. 0933 58521 FAX 0933 50284 
= ane Please quote "Cahners 13.89" 
BUTTERWORTH-HEINEMANN 


80 Montvale Ave., Stoneham, MA 02180 


CAHNERS 13.89 
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EDN-NEw PRODUCTS 


lets you define test sequences, down- 
load them to the meter, and upload test 
results to a PC or printer, is free with 
purchases of the meter until December 
1. Tektronix Inc, Beaverton, OR. (800) 
835-9433. Circle No. 389 


$399 5.5x4.2-in. data-acquisition 
board acquires 16 channels at 110k 
samples/sec. The CIO-DAS16/Jr 
offers 12-bit resolution. You can set the 
input range to five bipolar and five unipo- 
lar values, the most sensitive of which is 
0.625V. The vendor claims compatibility 
with software and accessories for use 
with competitive DAS-16 boards. Com- 


puter Boards Inc, Mansfield, MA. (508). 


261-1123. Circle No. 390 


$49.95 3'/2-digit pocket DMM 
selects ac or dc measurements. 
The 4%/4X2%sxX1-in. WP2600, which 
receives power from two AAA cells, has 
five de and four ac voltage ranges and 
measures de and ac current to 10A. It 
also tests diodes and provides an audi- 
ble continuity indication. The meter, 
whose inputs are protected against 
overvoltage on all ranges, detects 


Virtuoso m 


Giving you the time to design in real-time. 


TEST & MEASUREMENT 


whether the input signal is ac or de and 
selects the appropriate mode. Wind- 
ward Products, Santa Clara, CA. (408) 
987-7734. Circle No. 391 


SBus data-acquisition board takes 
5M 12-bit samples/sec on two 
channels. The ADDA1205DX includes 
16 Mbytes of dual-ported RAM, four 
TTL inputs, four TTL outputs, and two 
12-bit DACs. It can simultaneously ser- 
vice all of these without compromising 
the ADC sample rate. The sample rate 
is programmable down to 51.15 
wsec/sample. A pipeline mode allows 
you to use the RAM for outputting DAC 
and TTL signals while inputting ADC 
and TTL signals. $4995; without DACs, 
$4295; with a single ADC, $3395. Ultra- 
view Corp, Fremont, CA. (510) 657- 
9501. Circle No. 392 


ASIC expands coverage of Asset 
scan-test diagnostic system. Incor- 
porating the ParaScan ASIC in a multi- 
chip module or pe board makes it possi- 
ble to perform non-IEEE-1149.1 logic 
testing, improves access to the unit 
under test during embedded testing, 


Eclipse - The Ultimate 
Universal Programmer 


and increases the coverage of tests con- 
ducted via the edge connector. The 
$225 ASIC, which is packaged in a 144- 
pin QFP, includes 66 bidirectional 
inputs and outputs, each with its own 
control cell. Intellitech Corp, Mere- 
dith, NH. (603) 279-6308. Circle No. 393 


With this $39.95 pen-style meter, 
two hands are enough. The 3!/- 
digit SI1000 solves the problem of how 
to hold the meter when you have a test 
lead in each hand. One test probe rigid- 
ly attaches to the tip of the 9¥%x1%4x1- 
in. 4-0z pen-style unit. A 4-position 
slide switch selects alternating cur- 
rent-volt, direct current-volt, milliamp, 
and ohm functions. A 5-position slide 
switch selects ranges and power-off. 
Shoreline Electronics Inc, Santa 
Clara, CA. (408) 987-7733. Circle No. 394 


Virtuoso delivers | Ported from 8bit microcontrollers to parallel pro- 
cessing systems with thousands of 32bit DSPs. Ease of use, superfast 
performance, high reliability and value for money. Includes source code, 
12 months support and maintenance. Ask for full details and availability. 


> Virtuoso Nano < 


The fastest and smallest multi-tasking kernel for DSPs. Process switch- 
ing and services in < 1 microsecond. Stdio. Network wide messages. 


>» Virtuoso Micro 
A high level but small preemptive real-time kernel with fully distributed 


semantics for transparent parallel programming. An industries’ first with 
built-in cross development capability in C on any target ! With task level de- 
bugger, tracing monitor, stdio, etc. Free license for use under DOS. 


y 


>» Virtuoso Classico @ 
A seamless integration of Virtuoso Nano and Micro. A must for parallel 
processing systems. The real-time 0.S. that really works for DSPs. 


» Virtuoso Modulo 0, I, I, Ill, IV, V, VI 4 


A wide range of optimized libraries and support tools for DSP (> 1000 
functions, stdio, PC graphics, plotting, heap allocation, loader, etc.) 


Worldwide distributed, our open distribution policy welcomes new repre- 
sentatives and Value Added Resellers. Join the Virtuoso concept now ! 


Intelligent Systems International. Tel. (+32).16.62.15.85. 
Fax (+32).16.62.15.84. e-mail : virtuoso@bix.com 


CIRCLE NO. 79 


.. . for WINDOWS.. 
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Programming Into The Next Millefinium 


Eclipse - Unchallenged in Speed & Sophistication 
Stand-alone or Remote operation with Windows* or DOS* 


From 96 to 256 pin drivers as standard, Stag’s Scalable 
Architecture permits expansion beyond 500 pins 
Universal DIP & PLCC modules - do away with stacks of 
fragile pin adaptors 

High performance pin drivers - test even the fastest PLDs 


a 
v 
e 
e 
% 
v 


High speed serial (1 15K baud) and parallel interfaces 


USA & Canada: 
Tel: (408) 988-1118 Fax: (408) 988-1232 S C7F 
U.K, Europe & R.O.W: 


Tel: 44 (707) 332148 Fax: 44 (707) 371503 [EYYerel PWV Ila <3 
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More power 
to you. 


The ML4861 is the industry’s 
smallest, simplest, most efficient 
power converter for 1 to 3 cell 
battery-powered systems. 
Available in 6V, 5V, 3.8V and 
adjustable output versions, 
the ML4861 makes it easier to 

_ bring your next hand-held 
product to market. 


_ © Simple, minimal component 
boost switcher requires 

only one inductor and | 
necapacitor. 


igl. Micro Linear 


 CIRCLENO.118 


High-density dc/de converters 
output 5 or 3.3V. The PKU series of 
high-density de/de converts comprises 
a 5V, 150W model and a 3.3V, 100W 
model. The converters accept 36 to 72V 
de. The converters measure 2.19X 
4.79 X0.66 in. Their calculated MTBF is 
1.2 Mhr at +25°C ambient. Below +60°C, 
the converters require no heat sinks if 
air flow is 300 lfm. $145 (1000). Erics- 
son Components Inc, Richardson, TX. 
(214) 997-6561. Circle No. 372 


Miniature 0.5 and 1W dc/dc con- 
verters target distributed applica- 
tions. The PM600 series 0.5 and 
1W dc/de converters measure 1.25 
0.8X0.4 in. and exhibit 50% efficiency. 
The converters operate from either 
5 or 12V +10%. The converters come 
with an internal input filter. $15 (OEM 
qty). Converter Products, South 
Boston, MA. (617) 464-6656. 

Circle No. 373 


Lab supplies deliver prodigious 
currents. The EA-9000 series of labo- 
ratory power supplies come in three 
voltage/current combinations: 0 to 18V 
at 300A, 0 to 36V at 180A, and 0 to 72V 
at 90A. The power-factor-corrected 
units require 3-phase input power. The 
supplies feature automatic remote 
sensing, 0.15% stability, programma- 
bility, and analog or LCD meters. Rack 
mounting and an IEEE 488 interface 
are optional. $3000 (2 kW), $8000 (6 
kW), delivery from stock. Electro 
Automation Co, Lawrence, MA. (508) 
687-6411. Circle No. 374 


Supplies energize ultraminiature 
ultraviolet lamps. The 44 series and 
PS-5 series power supplies accept 5, 12, 
and 24V de. The supplies measure 
3X3.3X1.5 in. The supplies power Pen- 
Ray and CP series ultraviolet lamps. 
The lamps are low-pressure, cold-cath- 
ode, mercury-gaseous-discharge lamps 
made of double-bore quartz whose 
lighted length ranges from 0.75 to 9.0 
in. $40 to $240. UVP Inc, Upland, CA. 
(800) 452-6788. Circle No. 375 


50W dc/dc converter suits telecom 
applications. The HDB49-C-40 50W 
de/de converter has outputs of 5.6, 12, 


-12, and -5.2V. Outputs are adjustable 
by +10%. The converter accepts input 
voltages ranging from 35 to 60V. Noise 
and ripple are 1% p-p. The unit is over- 
voltage, overload, and short-circuit pro- 
tected. Operating temperature is 0 to 
50°C with no derating. The unit com- 
plies with FCC or VDE EMI regula- 
tions and measures 6.60 3.94 1.95 in. 
$99 (100), delivery from stock. Total 
Power International Inc, Lowell, MA. 
(508) 453-7272. Circle No. 376 


Lithium thionyl-chloride cells run 
for 15 years continuously out- 
doors. Eternacell lithium thionyl- 
chloride cells have an open-circuit volt- 
age of 3.65V and capacities ranging 
from 0.9 to 30 Ahr. Cell sizes include 
*bA, HAA, AA, C, D, and DD. The cells 
are hermetically sealed in stainless- 
steel cases and have a 15-year outdoor 
service life min. *4A, $4.97 (1000); DD, 
$17.95 (1000). Power Conversion Inc, 
Elmwood Park, NJ. (800) 452-1211. 
Circle No. 377 


Lithium primary batteries are thin 
enough fo fit in PCMCIA cards. Pow- 
erdex lithium primary batteries fur- 
nish 3 or 6V outputs yet measure 0.7 
mm thick. Units are available that are 
6.6X9.4 em, 4.6X7.4 em, and 3.03.9 
cm. You can solder the batteries’ copla- 
nar side tabs directly to a pe board. 
Gould Electronics Inc, Eastlake, OH. 
(800) 722-7890. Circle No. 378 


25W dc/dc converters accept 
wide-ranging inputs. The TA series 
of 25W dc/de converters are available 
with singe, dual, or triple outputs. The 
inputs accept voltages ranging from 
either 9 to 36V or 20 to 72V. The units 
measure 2.50X3.0X0.83 in. $58 to $69 
(500). Semiconductor Circuits Inc, 
Windham, NH. (603) 893-2330. 
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Best Value in the World 
for 
POLYIMIDE & FR4 
1 to 5 DAY TURN 
1 to 12 Layers 
PRINTED CIRCUIT PROTOTYPES 


26 
reo at 
ce 
120] 3 


M5 PIECES x 1.34 Mi 5 DAY PRICES ABOVE 
@ 10 PIECES x 1.67 Mi ULLISTED 


EXTRAS CAPABILITIES 


@ Photo Plotting @ Buried & Blind Vias 
@ Testing @ Polyimide Multilayer 


W@ Full Body Gold 
@ Gold Contacts - $50 @ Carbon Paste 


@ 25% - Bel Mil Hole @ Tin nickel burn-in boards 
° re @ SMT-SMOBC 


- Below 15 MilHole §§ Up to 22 layers 
@ SMOBC & LPI - $50 W@ Impedance control boards 


FOR MORE INFORMATION CALL OR FAX 


Ken Bahl M1108 W. Evelyn Ave., Sunnyvale, CA 94086 
Phone (408) 735-7137 FAX (408) 735-1408 Modem (408) 735-9842 


DISCOUNTS 


CIRCLE NO. 246 


eee aes 
EPROM EMULATION SYSTEM 


The Most Flexible 
EPROM Emulator 
You Can Get Today 


* Emulates up to eight * Accepts Intel Hex, 
4-Megabit EPROMS through Motorola S-Record and 
one standard serial port. Binary files. 


* Software available for IBM 
PC and compatibles. 


* Downloads 2-Megabit 
programs in less than 23 
seconds 

* Base 27256 EPROM 
System $395.00. Other 
configurations available. 


OO) ‘ . 
PP Incredible Technologies, Inc. 


Visa, Mastercard and American Express Accepted 


* Examine and modify 
individual bytes or blocks. 


Order Now - It’s Easy 
Call (708)670-7027 Or Fax (708)870-0120 
For More Information 


CIRCLE NO. 238 


This advertising is for new and current products. 


Please circle Reader Service number 
for additional information from manufacturers. 


UNIVERSAL/GANG PROGRAMMERS 


L _|TUP-300 $498 
Appreciated by over 70,000 users worldwide 


@ Supports Altera 7xxx, MACH 435, Xilinx, 
Intel FX7xxx, nearly all FPGA/CPLD/PLD... 

@ Support EPROM, 28/29F flash, serial PROM, 
PSD4XX/5XX, Intel/Motorola/NEC/Hitachi MPU 
devices. Over 3,000 devices supported. 

@ Test TTL 74/40/45 series, DRAM(SIP/SIMM), 
and SRAM. EPROM EMULATION option. 

@ Gang programming & stand alone option. 

@ Universal 44,68 pin PLCC modules. 


Tribal Microsystems Inc. 

44388 S. GRIMMER BLVD., FREMONT,CA 94538 
Tel: (510) 623-8859 

Fax: (510) 623-9925 
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SIGNUM In-Circuit Emulators 


Are So Good 
They Sell Themselves! 


EXTERNAL UNIT WITH NO PLUG-IN CARDS 
FREE USER SUPPORT 
OUTSTANDING PERFORMANCE AT A REALISTIC PRICE 


FOR MORE INFO OR TO ARRANGE 
YOUR 10 DAY FREE TRIAL, CALL: 


1-800-838-8012 


CIRCLE NO. 247 


To advertise in Product Mart, call Joanne Dorian, 212-463-6415 


Low Cost 
Miniature 
Controllers 


Save time. 
Save money. 


Our wide range of 
C-programmable miniature 
controllers are ideal for control ap- 
plications, data acquisition, and test and measure- 

ment. Compact and low in price (the Little PLC™ above is 2’x3” 
and $195), these controllers are programmed with our easy-to- 
use Dynamic C™ development system. Our controllers feature 
digital 1/O, ADCs and DACs, relays and solenoid drivers, RS232 
and RS485 serial ports, battery-backed memory and time/date 
clock, LCDs, keypads, enclosures and more! 

1724 Picasso Ave. 
Davis, CA 95616 


916.757.3737 Zworp 


916.753.5141 FAX ~ ENGINEERING 


24-Hour AutoFax 
916.753.0618. Call 
from your FAX. 


CIRCLE NO. 253 


PILOT-U84 Universal Programmer 

#1 in New Device Support & Expandability 

Altera 7064,7128.7160.7192 in 84-, 100- and 160-pin packages 
Xilinx 1765D,17128 etc Intel FLEX, 87C196 KC.KD.JR.MC etc. 
Moto 68HC7! 1, 68HC705, WSI PSD-3XX.-4XX.-5XX,.PAC.SAM 

Atmel 29C040, ATF22V10 etc. AMD MACH435, 29F040, etc 

Lattice pLSI-1000,2000.-3000. Microchip PIC micros 
All packages to 256-pin: PLCC.PGA.QFP.TQFP.TSOP.SOIC 
800-627-2456 FAX:(408) 736-2503, Sunnyvale, CA. 
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ANALYZER-EMULATOR 


| UniLab 8620 


(1 PC Based, mG 
Zero-Wait-State Operation 
LJ Non-Stop Analysis: Define & Refine Triggers & View 
| Multiple Traces On-The-Fly 
(J Source Level & Symbolic Debug 
| 4 Built-In EPROM Programmer 
| Q Same Base Unit Supports Most 8-bit pCs & 
Ps, including 8051, 68HC05, 68HC11, Z80, 


80C196, 6502, 8085, etc. 1-800729-7700 


Tel: 415-327-8800 
Fax: 415-327-9881 


180 Independence Dr., Menlo Park, CA 94025 U.S.A. 


CIRCLE NO. 243 


Low Cost CAD Software 


for the IBM PC and Compatibles 
a 
Now In Windows'™ 
5 eet # Design & 
Simulation 


* Easy to use schematic entry program for circuit diagrams 
(SuperCAD)—Only $149. 

* Powerful, event-driven digital simulator (SuperSIM) starting 
at $149.00. Includes models for TTL/CMOS parts. 

* Complete circuit board software package (Super PCB) 
including autorouter for only $499. Handles multiple layers 
and surface mount.. Printer and Gerber file output. 


Wnite or call for free demo disks: 


l 
5415 - 136th Place S.E. 
Bellevue, WA 98006 


(206) 641-2141 


CIRCLE NO. 242 


PCI BUS EXTENDER 
and BUS ISOLATION EXTENDER 


Speed up your PCI product devel- 
opment and testing time using the 
best featured and best valued PCI 
Bus Extenders and Bus Isolation 
Extender. 


Call now for more information. 


Adex Electronics 
22994 El Toro Road Tel: 714-768-3211 
Lake Forest, CA 92630 Fax: 714-472-9654 
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| San Diego, CA 92121 


RELIABILITY PREDICTION 
SOFTWARE 


ARE YOUR PRODUCTS RELIABLE? 
The RelCalc 2 Software Package automates the 
| reliability prediction procedure of MIL-HDBK- 
1217, or Bellcore, allowing quick and easy} ~ 
reliability analysis of electronic products on| _ 
| your PC. Say goodbye to tedious, time consum-| 


| ing, and error prone manual methods! 


= NEW UPDATE! VERSION 3.1 now available. 


| = User friendly: pop-up menus, hypertext help. | 
| = Very easy to learn and use; quick data entry. 
| = Part library for rapid recall of part data. 


= Global editing functions for what-if? trials. 


} ™ Reports which clearly organize results. 


= Save time & money as you design for quality. 
= Try our Demo Package today for $25. 


| T-Cubed Systems, 31220 La Baya Drive, 
| Suite 110, Westlake Village, CA 91362 
CALL: (818) 991-0057 FAX: (818) 991-1281 
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NEED MORE SPEED.... 
DON'T WANT TO REDESIGN 


MOTOROLA® CPU "ACCELERATOR ADAPTERS™ 


A Replaces original CPU with next generation technology. 
| A Extends the life of your current system. 
_| A Avoids the high cost of redesign. 


A Add 32-bit RAM and math coprocessor. 
A Custom design and manufacturing services. 


Interested in speeding up your system? 


_| Computer System Associates 


7564 Trade Street Phone: (619) 566-3911 


FAX (619) 566-0581 
CIRCLENO.232._y 


_ IMAGINE IF YOUR 
PRODUCT COULD TALK? 


V8600 text-to-speech synthesizer 


= Converts plain ASCII text into speech (“talking printer”) 
= Requires only a single 5V supply and speaker 

= Unlimited vocabulary—no custom recording necessary 
= Programmable pitch, rate, tone, volume, etc. 

= Text, character, phonetic, tone and PCM modes 

= Microprocessor, serial and printer interfaces 

= Use in telecom, robotics, monitoring systems, etc. 

= Less than $100 in OEM quantities 

= |SA, PC/104 and stand-alone versions available 


FREE V8600 DATA BOOK 


USA Ph: 206 355-3800 Fax: 355-1098 
UK/Europe Ph: +4481 539 0285 


RC Systems, Inc « 1609 England Avenue = Everett, WA 98203 USA 
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| $1299 - LA32200 (200 MHz, 32 Ch) Pods & Software 


200MSa/s 


Digital Oscilloscope 


- 200 MSa/s Sampling Rate 

- up to 128K Samples/Channel 

- PC-BASED INSTRUMENT 

- 2 Analog Channels (2 ch. Oscilloscope) 

- 8 Digital Channels (8 ch. Logic Analyzer) 
- All 10 channels can be used at same time 
- Simultaneous use of all 10 channels 

- Cross Triggering of Digital and Analog 

- 125 MHz Single Shot Bandwidth 


$1799 DSO-28200 (200MSa/s, 4K/Ch) 
$2285 DSO-28264 (200MSa/s, 128K/Ch) 


400 MHz 
Logic Analyzer 


- up to 128 Channels 
- up to 400 MHz 

- up to 16K Samples/Channel 
- Variable Threshold 

- 8 External Clocks 

- 16 Level Triggering 

- Pattern Generator (Option) 


$1899 - LA32400 (400 MHz, 32 Ch) included 
Also Available: 
$799 - LA12100 (100 MHz, 24 Ch, TTL only) 


Universal 
Programmer 


PAL - GAL - MICRO 
EPROM - EEPROM - FLASH 


Call for full device support list 


Free software updates on BBS 


Call (201) 808-8990 
7 Link Instruments 


369 Passaic Ave, #100, Fairfield, NJ 07004 fax: 808-8786 
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Encore HSD Board Monitor/Tester 


HOO SRALYZER: TESTER 


You Don't Have LOGICAL 
To Burn Your 


Devrtes Lake Thas! 


Has a Full 
Range of 
High Quality 
Universal & Gang 


(EEPROMs, FLASH, PLD, 
& MICRO CONTROLLER) 


Programmers 


LOGICAL 


DEVICES, INC. 
TEL: (305) 428-6868 ig 
FAX: G08} 428-1811 elec 


I 800 331-7766 Ext: 103 


dsing our “portable HSDTST am tester you can 
quickly and easily locate problems in your Encore 


computer HSD data link. In the TEST mode this unit 
emulates an HSD device, or another HSD configured 
for the IBL mode. In the MONITOR mode this unit, 
without affecting the current operation, nonintru- 
sively gathers commands and data being passed be- 
tween the host and device; thereby, providing a} 
means to diagnose intermittent problems which 
cause a system “hang-up”. 

APPLIED DATA SCIENCES, INC. 

P.O. Box 814209 

Dallas, TX 75381-4209 

(214) 243-0113 FAX (214) 243-0217 
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QFP and 
SOIC SMT Analyze 


Adaptors for A T.4 & T.6 performance 
up to 14.4 Kb. Commented 
Emulators *y analyzes with corrections 


and Logic suggested. Simulate 
calls with included 
Analyzers Used —\ test libraries, write 


in Design, your Own, or 
Q.C., Mfg., aoe real- 


a lw | ; 
east ngaural EE oe & Service. world éalls Use KS-2: XT equivalent card with NEC $149(q1) 
° 62 mil high generic base replaces the chip variety of f 1 'C' 40, 256k RAM. Options; PCMCIA, 1M 
tops can be purchased separately, e.g. emulator, logic Call today for on prey? code Ram/Rom/Sram, 3srl., par, modem, A/D. 


a 
Perce ei product information or Run KS-7: AT equivalent card with NEC $289(q1) 
= Casy to solder application assistance. with 53, 512k RAM. Options; 7M 
* 160 leads under 1 minute DOS Ram/Rom/Sram, 5srl., par, clock, VGA/LCD. 


* no special equipment or experience required GRAY Burn KS-31: Piggyback card with modem, A/D, 


™ Rugged construction, minimum size, short traces ASSOCIATES “an sleet nae a — 


" yeiea! EXIENSIONS avaliable (408) 251-0263 (with tools to place DOS applicaitons in ROM). 
@ Deliveries from stock to 3 days on most products aed. 


EDI Corp., PO Box 366, Patterson, CA 95363, S i} iad) ew | th a rk eC la @ | my: ' Tel: 303-444-7737 


Tel.: 209/892-3270, Fax: 209/892-3610 Boulder, Colorado 80301-2842 USA Fax: 303-786-9983 
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OS-9/680x0 USERS... 


PC Systems in ROM 


- cS SES wived 95 an cocioter _" 2 3 chennels oem Se s 
Transient ‘Transient ei oy 


iceMASTER 


In-Circuit 
Emulators 
From $851 


Made in the 
U.S.A. 


user configurable 


Analog Simulation for Windows 


For Under $1000 ! ! 

CAC, DC, Transient, Fourier Analysis Monte Carlo and Worst 
Case Analysis 0 Non-linear behavior models 0 Component 
Sweeping O Temperature sweeping 0 Probe for voltages, 
currents, dissipations, dB gains, phase angle, group delay and 
power consumption 0) Unlimited circuit size 0 Generate families 
of curves 0 Acts as “lab” full of “test equipment” 0 Friendly 
editor C Component library -BJT's, Darlingtons, MOSFET's, 
OD With Level 7 » SPICE Model & Subckts, BJT's, JFET's, etc. 

C) With Level 11 >» 32 Channel logic analyzer-style display 

O Bus groupings CO Digital signal input syntax 


Tatum Labs Inc 


1287 N. Silo Ridge Drive Ann Arbor MI 48108 
Tel: 313 663 - 8810 Fax: 313 663 - 3640 
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intrusive 
@ Source level debug 


m= Support for structures, arrays, unions and pointers 

= Trace buffer with advanced searching capabilities. 

™ Fast serial (RS-232) link to any PC, even laptops. 

= Broad support of derivative devices /interchangeable probe cards 
® Rental and 10-day trials available. 

™ Call today for free demo disk 


(800) 638-2423 
Mela 


ena MetaLink a GmbH 
Phone: (602) 926-0797 Teleton: (08091) 2046 
Fax (602) 926-1198 TeleFax (08091)-2386 
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the EISA Bus! 


8-Slot PC/XT/AT/EISA Backplane ¢ Up to 256 MB of 
RAM °¢ Plug-in CPU Module: ‘030, ‘040 w/SCSI, 486 DX2 


(060, PowerPC, DX4 & Pentium under development). Built- | 


in IDE Hard Disk Port * 2.8 MB Floppy Port ¢ Two 16550]. 


Serial Ports ¢ Parallel Port ¢ TOD Clock ¢ Convertible, | — 


Scalable, Upgradable ¢ Use off-the-shelf PC peripherals} _ 
to build the system you want ¢ “AT” form factor fits 
standard packaging « OS-9° drivers provided for on- 
board devices; available for Arcnet, Ethernet, and SCSI 


| boards ¢ Supports OS-9000, Windows NT, MS-DOS, and| _ 


others too ¢ Flash memory, easy firmware updates. 
800 559-090% (708) 559-0909 ¢ FAX (708) 559-0942 
(GMEE 3223 Arnold Ln ¢ Northbrook, IL 60062 


Quality, High Performance Microprocessor Boards and Systems Since 1975 
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REMOVE 
HARDWARE LOCK 


PROTECT YOUR INVESTMENT! 


MAINTAIN PRODUCTIVITY! 


Software utility that allows for 
the removal of hardware locks. 


Available for most major 
CAD/CAM and PCB 
software programs 


Easy - Simple - Guaranteed 
Programs start at $99.00 U.S. 


Visa and Mastercard Welcome 
Call or Fax for more Information 


SafeSoft Systems Inc. 
201-1111 Munroe Ave. 
Winnipeg, Mb. R2K 3Z5 


Canada 


Phone (204) 669-4639 
FAX (204) 668-3566 


MICROPROCESSOR 


EMULATORS 


Zax provides a comprehensive 
series of real-time emulation sup- 
port for Motorola, Intel, NEC, Zilog, 
and Hitachi microprocessors. Some 
of the highlighted features include 
source-level debug, real-time trace, 
and performance analysis. 


Call now for more information: 


(800) 421-0982 
(714) 474-1170 (Inside CA) 
(714) 474-0159 (Fax) 


AXTEK 


42 Corporate Park Irvine, CA 92714 


10% off 
all 


adapters 
ordered 
with 
‘programmer 


PC-based Programmer 


for over 1800 Devices 


Y Program CMOS, PLDs, FPGAs, bipolar and MCUs 
¥ Semiconductor manufacturer approved algorithms 
Y Over 400 adapters available from stock 
Y Immediate device list updates via BBS 408-982-9044 
Y Ask about our trade-in discount offer 
Y¥ Same day delivery 


EMULATION TECHNOLOGY, INC. 


800.995.4331 


486 Single Board 
Computers & 
Rack Mounts 


8 Slot 486SX-25 4MB 170MB HDD ... . .$1,495.00 

14 Slot 486DX-33 4MB 250MB HDD .. . .$1,995.00 

20 Slot 486DX2-66 4MB 540MB HDD . . .$2,495.00 
PLEASE CALL FOR CUSTOM CONFIGURATIONS. 


ORDER DESK 1-800-777-4875 


DUS LOGIC __Madeinus.a. 
\W 5055 Viewridge Ave., San Diego, CA 92123 
(619) 467-1100 * FAX (619) 467-1011 


The Intel Inside Logo is a registered trademark of Intel Corporation. 
3 year warranty applies to Falcon-|! Single Board Computer. 


TCP/IP & SNMP 


NETWORKING PROTOCOLS 


Add them to your 
System Designs with: 
FUSION Developer's Kif 


¥V FUSION TCP/IP protocol suite 

V FUSION SNMP agent MIB 2 + Ver.2 

¥ Flexible architecture - C source code 

V Used in hundreds of process control, 
embedded systems, and end-user 
designs 

V Full support, training, consulting and 
porting services 


For More Information Call 


(800) 541-9508 
(805) 484-2128 + Fax (805) 484-3929 


Adapter 
Solutions 
for over 

10 years 


FREE 1994 Interconnect 
Solutions Catalog 


Y Over 3,500 devices for one-stop-shopping 
¥ 120 "Off-the-shelf" items available for overnight delivery 
Y Unlimited application consulting 
Y Time saving solutions for product development 
Y Ask about our custom designs 
VY Leading edge technology -- over 500 PQFP solutions 


EMULATION TECHNOLOGY, INC. 


800.995.4381 


WORLD’S SMALLEST SMT 
CO-AXIAL CONNECTOR 


Hirose Electric’s H.FL series SMT low profile super-miniature 
coax connector has a mated height of only 3mm (plug plus 
board-mount receptacle). It’s the world’s smallest. The H.FL 
offers plug to receptacle mating at 360 degree orientation and 
solderless crimping for connector to cable termination. The 
H.FL has high frequency characteristics of DC -3000 
MH7/V.S.W.R. below 1.3 for up to 3 GHz. Applications include 
cellular telephones, GPS and other projects requiring small 
coaxial connectors. 

Contact Hirose Electric (U.S.A.), Inc., 2688 Westhills Court, 
Simi Valley, CA 93065-6235. (805) 522-7958 or FAX (805) 
522-3217. For catalog information via fax: 1-800-879-8071. 
Ask for #4002. 


Communicate 


Weekly 


to the 
electronics OEM 
through EDN Magazine 
and Products Editions' 
Product Mart sections. 


Find out how you 
can break through 
the clutter to get big 
results for a small 
price, by placing a 
4-color ad in 
EDN Product Mart. 
Call Joanne Dorian 
at (212) 463-6415 
for details. 


Combine your 
Product Mart ads in 
EDN Magazine and 


Products Editions 
for 
higher impact 
and a 
lower rate! 


CIRCLE NO. 268 


Products Editions! 


For an additional $340, 
you canrun your — 
Product Mart Ad in color. 
For more information, call 
Joanne Dorian at (212) 463-6415. 


CIRCLE NO. 270 


A Complete Line of Development 
Boards, Programmers and 
In-Circuit Emulators 


DS-186 — In-Circuit Emulator for 
80C 186/8/XL/EA/EB/EC, V40/50 
8086/8 and other uCs 


*** NEW ADDRESS IN THE USA*** 


Call today for your 
free demo and 
software update 


Toll Free: 1-800-833-4084 


CEIB 


7 EDGESTONE CT. 

FLORISSANT, MO 63033 
TEL: 314-830-4084 
FAX: 314-830-4083 


CIRCLE NO. 230 
To advertise in Product Mart, call Joanne Dorian, 212-463-6415 


TEST SMT QFP 


IN ZIF SOCKET 
The Ironwood line of CARRIER ADAPTERS allow 
probing of SMT QFP devices by simply mounting a QFP 
EMULATOR FOOT to the land pattern. The SOCKET/ 
PROBE assembly is then plugged onto the FOOT with 
matching connector. Target IC is then inserted into ZIF 
socket for easy test/removal. EMULATOR FOOT is 
constructed for easy installation and reliability. Available 
in sizes from 44 to 208 pins. 


IRONWOOD ELECTRONICS 
P.O. BOX 21151, ST. PAUL, MN 55121 
(612) 431-7025; FAX (612) 432-8616 


CIRCLE NO. 239 


¢H1785, A Complete Modem 
® V.22 bis, V.22, 212A, 103 
® FCC Part 68 Approved 
© AT Commands 
© 5V, Low Power 


$1.25" x 1.00" x 0.50" 
Your Source for Modem Components 


Tel: 408-752-5000 


Fax: 408-752-5004 


Cermetek Microelectronics, Inc. 
1308 Borregas Ave. * Sunnyvale, CA 94089 


CIRCLE NO. 231 


FLEXIBLE 


Memory EMULATORS 


®90 day WARRANTY. 

©10 day MONEY-BACK GUARANTEE. 
®Supports Read and WRITE access by TARGET: 
®Download and VERIFY from HOST. 

®View/Edit SRAM contents while target is running. 
®Full screen ASCII/HEX editor included. 


® Libraries provide high level access to emulator. 

® Daisy-chain up to 4 units for multi-EPROM targets. 
®Field upgradable to 4Mbit (27040) emulation. 

> Battery back-up, PLCC and 16bit adapters atailg 


Tech Tools 


(214) 272-9392 
FAX: 494-5814 


CIRCLE NO. 256 


Smart TekMeter from Tektronix | 


The new TekMeter integrates the usability of | 
a digital multimeter with the waveform dis- | 
play of an oscilloscope in a compact, easy-to- | 
use, two pound battery-operated package. Tek- | 
Meter has 25Ms/sec digitizer(s) automatic | 
setup, spike detect and cursors. Prices for Tek- | 
Meters range from $859 to $1,259. For more | 
information, call Tektronix at 800-426-2200 | 
or your local distributor. 


CIRCLE NO.249 


The handheld programmer/emulator for 
demanding engineers. 


$4 programs EPROMs, EEPROMs, FLASH, PICs, 
8751 micros. It emulates RAM and ROM too! 


To get S4 on your desk tomorrow, or to simply request literature, call: 


800-328-2336 or 407-649-3335 
Fax: 407-649-3310 BBS: 407-649-3159 


A Dataman Programmers Inc., 
DvD A : p ; n 22 Lake Beauty Drive, 
Suite 101, Orlando, 
Dataman Programmers inc FL 32806, USA. 
15 years of innovative solutions in the palm of your hand. 


This DSP System will 
help get your new 
patie to market fast. 


Blazing-fast, PC-based Turbo 
C30-II Real-Time DSP Development 
Board gives you the tools (like TI 
TMS320C30 32-bit DSP; up to 2MB 
Dual Access, 0 wait state memory; 
4,.,2MB/sec data transfer; TI & Tartan 
C/C++ software; and more)—and 
industry-leading engineering 

services provide 
support—for 
quick product 
* design. 


Turbo C30-I] 8 
& Prototyping Boards ~ 


Call WINTRISS 
800-550-7302 ENGINEERING 


CORPORATION 


for details. 
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— EDN-CAREER OPPORTUNITIES 


Development Programmer: Identify and 
develop new technologies to enhance the 
functionality of laboratory and radiology 
products. Develop GUI and image manage- 
ment systems for radiology software. 
Requires B.S. in Computer Science, Elec- 
trical Engineering or Applied Physics, 6 
months of experience in image processing, 
and skills/abilities in radiology (nuclear 
medicine, magnetic resonance imagining, 
CT scans), X-Windows/Motif, C, image 
compression, GUI design, and Sun work- 
stations. 9:00 a.m.-5:00 p.m. 40 hrs/wk. 
$35,271.60/yr. 2 resumes to Jobs & Train- 
ing Division, J.0. #528349, VT Dept. of 
Employment & Training, P.O. Box 488, 
Montpelier, VT 05601-0488. 


IOWA MIDWEST 
RF/TELECOM WIRELESS 


NEBRASKA-MINNESOTA-ILLINOIS 

| have immediate openings for Design Engineers 
and Technical Project Managers with BS/MS plus 3 
to 10 years RF/Radio design experience in any of the 
following areas: RF circuit design (100 MHz to 3.0 
GHz), Receivers, Transmitter Exciters, Low-noise 
Frequency Synthesizers, Power Amplifiers, Spread 
Spectrum Modulation, Digital Radio DSP. These 
positions are all with top non-defense companies in 
good Upper-Midwest locations 

DON GALLAGHER, MSEE 

Gallagher & Brei Associates 


1145 Linn Ridge Rd., Mount Vernon, IA 52314 
(319) 895-8042 © Fax (319) 895-6455 


An advertisement in 
Career Opportunities 


attracts a lot of attention 


PROFESSIONAL 
SERVICES 


PRODUCT ENGINEERING 
& MFG., INC. 


Over 25 Years Experience in 


Complete Mechanical Services 
¢ Industrial Design & Rendering 


¢ Enclosure Design 

¢ Mechanism Design 

¢ Reverse Engineering 
¢ Product Evaluation 
¢ Prototyping 


From hand held Plastic Products... 


Too Complete Machines 


CALL FOR BROCHURE 
Virginia 1-800-848-2553 
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If you want to 
reach over 163,000 
engineering profes- 
sionals, in over 
52,000 locations, 
EDN Career 
Opportunities is the 
best place to 
advertise your 
company’s posi- 
tions. 


Get the attention of 
100% qualified 
engineers and 
managers involved 
in designing or 
developing elec- 
tronic products, 
who.look to EDN 
Magazines Classi- 
fied section for 
career 
opportunities. 


JACKIE DANIELS 
Tel: 1-800-603-4859 
Fax: 1-617-630-3925 


COMING TO A 
Cre Near YOu 
Atlanta San Jose 
Long Beach, CA 
Washington D.C. 


Toronto Austin 
Scottsdale, AZ 


CURTIS/PMC, a division of Curtis Instruments, in business for over 30 years, 
isa oo in the design and manufacture of speed controllers for elec 
tric vehicles. 


TEST ENGINEERING GROUP LEADER 
Develop engineering qualification and production test strategies, specify, 
equipment, schedule projects and ensure maintenance and update of existing 
equipment. Requires 8+ years’ hands-on design or test experience in a prod- 
uct ies wire environment, BSEE, expertise with computerized test equip- 
ment, analog and digital electronics and Eo management. Software and 
microcontroller systems experience helpful. 


PROJECT ENGINEER 
Prepare product specifications and work with a team of multi-disciplined 
professionals in the design and development of motor control products. BS 
or MS in Electrical Engineering, five years of project leadership plus analog 
circuit design and microcontroller experience in a product development 
environment. Experience in power electronics and motor control for material 
handling vehicles highly desirable. 


MANUFACTURING ENGINEER 
Create and execute processes and methods for assembly and test manufactur- 
ing operations consistent with cost and design objectives. Resolve production 
problems with new and existing products, recommending design and 
assembly improvements. BSEE plus previous experience in a design or 
manufacturing position with working knowledge of analog and micro 
controller applications. 


SENIOR ELECTRICAL ENGINEER 
Develop high power motor control products and specify motors for those 
products including series, separately excited and other industrial DC motor 
controllers. BSEE plus 10 years’ design experience in high power DC perma 
nent magnet and series motor control electronics. Extensive experience in 
ower electronics and devices. Experience generating specifications and lead- 
ing teams of engineers and technicians. 


We offer a competitive compensation package including employer-paid med- 
ical, dental, disability and life insurance, vacation, tuition assistance, profit 
sharing and 401(K) plan. Relocation assistance also provided. To apply, send 
or fax resume s ecffn osition desired and relevant technical background 
to: CURTIS/PMC, 91 ierra Lane, Dublin, CA 94568. ony, 510-833-8777. 
(PHONE) 510-828-5001. Equal opportunity employer m/f/d/v. 


CURTIS!2/1/¢ 


A DIVISION OF CURTIS INSTRUMENTS, INC. 


Learn DSP and 
put your 
knowledge to 


work 
IMMEDIATELY! 


Wa eed Bed Beck Bend Beeld bec Bed bed bed band bend bend bend bend bend bend bad bend Bed Bead bed bed bed bed bed bed bed bed bed bed bed bd 


Gall Z Domain Technologies, Inc. § 
BOO - 967-5034 
404-587-4612 


By taking this 
3-Day Course 

you will really 
learn DSP. 


Our 2-Day Advanced 
: Guaranteed! 


Course is ready. Call for 
more info. 
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True innovation 
doesn’t happen every day 


When you listen to a BOSE sound system for the first time, you'll probably hear something you've never heard before. A depth, a 
richness, a suggestion of live performance that no other system surpasses. Because no other system utilizes BOSE’ technology. - 
That's what true innovation is really all about. Making it better, making it first, and making it to last. The following engineering 
opportunities are currently available; a devotion to innovation is required for all. 
SENIOR ENGINEERING MANAGER 

You will be managing a multidisciplinary team whose mission is to deliver cost-effective, manufacturable electronic prod- 
ucts. You will define project development strategies and tasks, minimize design challenges, and ensure that development sched- 
ules and budgets are met. You'll also plan, schedule, coordinate, and conduct detailed concept and development phases of 
electronic system programs. This position requires a hands-on professional who has a BSEE/MSEE and at least 5 years’ experi- 
ence managing multidisciplinary product development teams. You should have a proven track record directing projects, oversee- 
ing budgets and introducing new products into manufacturing. Experience performing analog and digital hardware design is 
essential. A knowledge of RF, power supplies, DSP and/or microcontroller applications is required. 

SENIOR SOFTWARE/MICROCONTROLLER ENGINEER 

Design and implementation of systems using microcontrollers and supporting digital hardware will be among your chal- 
lenges as a member of our OEM Electronics Group. You will also be designing low level assembly language device drivers, and 
C language control firmware and software. You'll need experience performing cost/performance comparisons involving 8/16 bit 
microcontrollers, and working knowledge of software revision control techniques. BS/MS in EE or CS and a background in digital 
logic and mass production design is a must; a familiarity with programmable logic is a plus. 

ELECTRONIC PRODUCT DEVELOPMENT ENGINEER 

Working in a cross-functional team, you'll handle the development of OEM automotive audio electronics from concept to 
production. Your work will include creating circuit designs for audio signal processing and power amplifiers, developing PC board 
circuitry, testing and evaluating prototypes, generating documentation, and providing manufacturing development. You should 
have an MSEE or equivalent and 2-5 years’ experience in a related field, including work in analog circuit design with a focus on 
manufacturing. A background in RF, microprocessors, and/or digital signal processing (DSP) is necessary. 

MECHANICAL PROJECT ENGINEER 

You will be responsible for the mechanical content of new OEM products. This means directing designers, performing engi- 
neering analyses, working with customers, and conducting research into specific problem areas. You will also provide analytical 
and design review support for a range of other programs. This position requires a BSME/MSME, at least 8 years of experience, 
and a demonstrated ability to lead mechanical design activities, including direct customer interactions. A familiarity with test 
equipment (accelerometers, spectrum analyzers, etc.) is necessary. You must possess substantial FEA experience including the 
skills to perform complicated analyses of fluid mechanics, heat transfers, stresses and vibrations. A background in plastics 
design and tooling, basic acoustics and electronics, and a 3D CAD tool (UG,SDRC, ARIES, etc.) is desirable. 

| PATENT ENGINEER 

As the primary liaison between engineers and counsel on matters of patents, you will be responsible for the identification 
and timely disclosure of patentable technologies and new development in R&D projects. This includes coordination of documen- 
tation, disclosure, patent applications, and investigative activities concerning proprietary technology. You will assist in determin- 
ing the value of inventions, and formulate decisions on whether, when and in what countries patent applications are filed. To 
qualify, a BS in engineering is required. Capability in comprehension and clear elucidation of technical concepts in a wide range 
of areas, including physics, electronics, acoustics, and mechanical engineering is required. Strong written and oral communica- 
tion skills are needed. Prior experience with patent activities desirable. 


For consideration, please forward your resume to: BOSE Corporation, Heather Sweeney, The Mountain, Framingham, MA 
01701-9168. An equal opportunity employer. 


Better sound through research. 
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Udil 


desi 


andadvanced technology. 
Because oe depen 
on It. 


Siemens Pacesetter is a world leader in technological 

innovation for cardiac arrhythmia management devices. 
Together with our parent company, multibillion dollar 
Siemens, we are bringing these life-saving and life- 
enhancing products to today’s everchanging healthcare 
marketplace. If your vision matches ours, we offer a sup- 
portive, advancement-oriented 
environment to the professionals 
who join us as: 


FIELD CLINICAL 
ENGINEER (St. Louis) 


You will utilize your pacemaker 
expertise to provide technical 
support to physicians, nurses, 
sales reps and in-house staff. 
Responsibilities include analyz- 
ing/resolving therapy and in- 
patient product performance 
issues, monitoring/communi- 
cating technology developments, 
conducting research and per- 
forming clinical investigations. 
Requires degree in Engineering 
or Biological Sciences and 5 
years related experience. 
Respond to Dept. EDN/FCE. 


MECHANICAL 
ENGINEER 


Senior-level design responsi- 
bilities encompass all phases 
of product development, from 
concept through transference to 
production. Involves preparing 
CAD layouts, test designs, prototypes and engineering 
support documents. In addition to a BSME degree 
and 5 years experience, you must possess working 
knowledge of plastics and sheet metal design/fabrica- 
tion. PRO-ENGINEER CAD experience is essential. 
Respond to Dept. EDN/ME. 


QUALITY ENGINEERS 

Your focus will be on improving product flow, quality 
and reliability, while reducing cost of non-value added 
inspection processes. Includes developing inspection 
and quality conformance tests/procedures,.interpreting 
test results, training inspection personnel and preparing 


Siemens Pacesetter 
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status reports. Requires an Engineering degree and 5+ 
years experience, preferably in medical device manu- 
facturing. ASQC certification would be ideal. Respond 
to Dept. EDN/QE. 


SR. SUPPLIER QUALITY ENGINEER 


This key role involves moni- 
toring parts and troubleshooting 
the process, from acquisition 
through manufacturing. Will 
also assist in vendor selection 
and support to ensure highest 
quality results and compliance 
with PO requirements. You must 
have a BS degree and 5+ years 

' supplier quality experience 
including MRB knowledge. 
GMP compliance background 
would be a plus. Some travel 
required. Respond to Dept. 
EDN/SQE. 


SR. SOFTWARE 
QUALITY ENGINEER 


You will develop and imple- 
ment designs for validation of 
product or manufacturing test 
software. Involves reviewing 
software documentation and 
analyzing design/test results, 
as well as developing test 
plans, procedures and reports. 
Requires a BSCS degree and 
5+ years software development/ 
quality experience. Respond 
to Dept. EDN/SSQE. 


In addition to our desirable Southern California location, 
we offer competitive compensation, paid relocation and 
complete benefits, including employer-paid pension 
plan, 401(k) savings, tuition reimbursement, vision 
care and a choice of medical/dental plans. Send resume 
(NO PHONE CALLS, PLEASE!) to the appropriate 
department: Sue Mayes, Employment Representative, 
Siemens Pacesetter, Inc., 15900 Valley View 
Court, P.O. Box 9221, Sylmar, CA 91392-9221. 
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Tokin Corporation | 


_ International Sales Department es 
- Sumitomo Seimei Sendai hue Bldg,, 
© Sendai 980, Japan 
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Surface Mount 
~ Audio 
Transformers 


PICO surface mount units utilize 
materials and methods to with- 
stand extreme temperature 


(220°C) of vapor phase, |.R., and 
other reflow procedures without 
degradation of electrical or me- 
chanical characteristics. 


See EEM 

or send direct 
for Free PICO Catalog. 

Cail toll free 800-431-1064 
in NY call 914-699-5514 
FAX 914-699-5565 


e i co Electronics, Inc. 


453 N. MacQuesten Pkwy., Mt. Vernon, N.Y. 10552 
CIRCLE NO. 125 
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PC-based circuit analysis just became faster. 
More powerful. And a lot easier. Because 
MICRO-CAP IV is here. And it continues a 
12-year tradition of setting CAE price/ 


Transient Analysis 


Probe Vertical Horizontal Scope 


i 6.2 


INTRODUCING MICRO-CAP IV. 
MORE SPICE. MORE SPEED. 
MORE CIRCUIT. 


from SPICE 2G.6 models plus extensions. Compre- 
hensive analog behavioral modeling capabilities. 

A massive model library. Instant feedback plotting 
from real-time waveform displays. Direct schematic 


performance standards. waveform probing. Support for both Super and 

Put our 386/486 MICRO-CAP IV to work, Extended VGA. 
and you'll quickly streamline circuit creation, AG Analysis And the best is still less. At $2495, MICRO-CAP 
simulation and edit-simulate cycles — on circuits as large as outperforms comparable PC-based analog simulators — even 


10,000 nodes. In fact, even our 286 version delivers a quantum those $5000+ packages— with power to spare. Further, it’s 
leap upward in speed. Because, for one thing, MICRO-CAP IV available for Macintosh as well as for IBM PCs. Write or call 


ends SPICE-file-related slowdowns; it reads, writes and for a brochure and demo disk. And experience firsthand 
analyzes SPICE text files and MC4 schematic files. It also added SPICE and higher speed — on larger circuits. 
features fully integrated schematic and text editors. Plus an ae nt 
interactive graphical interface — windows, pull-down menus, SES RSE SEEESE 
mouse support, on-line HELP and documentation — that 1021 S. Wolfe Road 
boosts speed even higher. Sunnyvale, CA 94086 

Now sample MICRO-CAP IV power. It comes, for example, (408) 738-4387 FAX (408) 738-4702 
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The Universe of high-performance, affordable, embedded system design expands with 
WinSystem's SBCs. Select 386/486 CPUs for standalone use. Or expand with the STD or 
PC/104 Bus. Unparalleled flexibility for space and budget-limited applications requiring 
PC performance and compatibility in harsh or remote environments. 


Call or write for a free Catalog and Poster. 


WinSystems® 


715 Stadium Drive ¢ Arlington, Texas 76011 ¢ Phone 817/274-7553 © FAX 817/548-1358 
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Power Supply 
savings. 


Or how to get the lowest cost-per-amp 
fast, simple and easy. 


IR 500V IGBT 


Bipolar 


Cost/Amp 


10 100 1000 
Frequency (kHz) 


Just plug in IR’s UltraFast 500V IGBT. And 
you instantly improve the efficiency and cost-per- 
amp of your single-ended off-line switch-mode 
power supplies. Without redesigning. 


Our IGBTs also come paired with IR super- 
soft recovery diodes in CoPacks for half-bridge 
supplies. All give you the lowest conduction 
losses ever. And fast switching speeds. 


Available from the most cost-effective IGBT 
line today. Value priced to save you money. In 
stock to save you delivery time. Send for our 
IGBT data pack. Or call. 310-322-3331, ext 2529. 


You'll easily save more for your converters. 


TO-247 
CoPack 


TO-220 
ga CoPack 


UltraFast IGBT 


UltraFast IGBT 


Available now at key IR distributors. 


reR| International Rectifier 


WORLD HEADQUARTERS: 233 KANSAS ST., EL SEGUNDO, CA 90245, USA 310-322-3331, FAX 310-322-3332, TELEX 66-4464. EUROPEAN HEADQUARTERS: HURST GREEN, OXTED, SURREY RH8 9BB, ENGLAND, (0883) 713215, FAX (0883)714234 


CIRCLE NO. 80 


DELICIOUS ATM, 
WITHOUT THE JITTERS. 


WITHOUT THE CYPRESS WITH THE CYPRESS 
SONET/SDH TRANSCEIVER , SONET/SDH TRANSCEIVER 


Here’s a wake-up call for anyone designing-in oscillator. The SST also performs wonders for 
ATM functionality: the CY7B951 SST™(SONET board space by eliminating the need for external 
Serial Transceiver) clock recovery chip from filter components. 

Cypress. With its minis- By using advanced BiCMOS technology, the 


cule jitter of just 10 ps, the | SST consumes a miserly 50 mA, for power 

SST is as close as you can savings of up to 50% over competitive devices. 

get to guaranteed flawless _—_— And its loop-back testing capabilities enable 

performance in your ATM in-system diagnostics. 

environment. So don’t let the stringent jitter requirements 
In fact, it is the only of ATM get on your nerves. Start off your next 


, 


iE 1 


1 1 1 4 


Industry’s Lowest Jitter 


solution to support both major ATM application design day with the SST from Cypress, the 
frequencies (51.8 OC-1 and high-speed leader. _ & 
155.52 MHz OC-3.) It'll open your eyes. “\agr 

Thanks to its integrated For your free sample certi- 
transmit and receive phase ficate and design kit. Call 
lock loops, the SST lets you Europe: (32) 2-652-0270, 
use a low-cost 19.44 MHz ext 119°, Dept. C413. 


Adaptation 
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